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Dalabase managemenl is very crucial and tedious work for every organization as databases 
contains all important information's of an organization. Oracle is a database used in almost 
every organizaiion tor managing date, Oracle is a flexible database that eases the problem of 
managing data stored within your system or on Oracle server. Now, rhe question arises that how 
Grade manage*, [he dala. The answer far (his question is FL'SOL, which Is used (or managing 
the database. PL/SQL is a vcrv efficient and easier lo learn database programming language 
designed to manage database. Each Oracle version comes with its corresponding version of 
PL/SQl . PL/SQl is a procedural database programming language thai extends I hi: functionality of 
Structured Query Language <5QIJ and uses them with in its procedural statements. PL/SQL uses 
SQL DDL and DML statements lo perform operations such as [.bating, altering, deleting the 
database. These are the basic operations required to manage a database. PL/SQL executes SQL 
statements within PU5QL bfock. which Is ihe basic unit of PIjSQL, PL/SQL is a very flexible 
database programming language thai supports the advanced procedural programming concepts 
and elements, such as: 

□ Support for all SQL datatypes along with its PL/SQL defined datatypes. Use of control 
■aalenients it F-blLSE-Tatfm, iterative structures (KOR-LCOt, WHILE-LOOP). 

□ Support for subprograms such as procedures and functions, trigger*,, cursors. 

□ Exception handling that lets you create bug free program and helps in managing errors such 
as data not found. 

SQL can issue nnly a single statement at a time, which will become more time consuming when 
need to execute many SQL statements and leads in low database performance 3iut PL/SQL allows 
you lo send multiple SQL ^larement to database simultaneously and thus reduces the overhead 
of accessing the database for every single SQL sljtcmcnt In this way, there arc lots of advantages 
of using Oral le's PL/SQL, In know [hose let's start working with PI /SQL. 

To start working with PL/SQL, you must need to know its need, advantages, arc hi lecture, and 
features. This is all that we cover in this chapter. 

What is PL/SQL? 

PL/SQL is procedural language, which is available with Oracle. PL/SQL is not a standalone 
language because it works wiih Oracle. It is an extension lo ihe SQL (Structured query language, 
a database language used lo perform various functions such as querying and updating data, on a 
database). PL in PL/SQL stands for procedural language. PL/SQL extends the funciionaliiy of SQL 
and (hen combines i( with procedural functionality such as loops, procedures, cursors lo provide 
heller and more satisfactory result than SQL. 

Now, rhe question arises ihat if we already have SQL {.\ flexible and easy to use query language) 
then what is the need to extend the functionality of SQL by PL'SQL^ Vou must tie curie jus to 
know (hat why we need PL/SQL and what are the reasons behind itt success and in making it a 
ubiquitous database programming language. Now, we will depkt the need In develop PL/SQL. 

NeedofPVSUL 

As we know SQL is a very easy and more convcnienl dalabase query language but besides that it 
has some limitations thai become the need lor developing PL/SQL. In SQL, we have to execute a 
single statement ai a time r So, if we need to execute multiple statements then Oracle database 
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Chapter 1: Introduction lo PUSQL 



must be called several limes To execute all ihe issued statements thai reduce ihe database 
performance. To improve Ihe database performance, PL/SQL is developed. There was a problem 
with (he security of database as the code is executed on client-side rather lhan server. We were 
not able lo handle exceptions lhal lead in sudden termination of program at mnlime. 
To overcome all these problems, FL/5QL has been developed. PL/SQL has lots of advantages thai 
have made it a very successful and omnipresent daiahase programming language thai is in wide 
use with Oracle, Here are given the advantages of PL/SQL: 

□ Easily adaptable and SQL supporting 

□ Enhanced Performance 

□ Portability 

□ Security 

We will study all these advantage* of PL/SQL in the sequence. Let's start studying all these 
advantages in detail. 

Easily adaptable and SQL supporting 

PL/SQL supports the entire characteristic and statements available in SQL such as select, insert, 
update, delete. Database can easily lie created and manipulated by incorporating the SQL 
statements in PL/SQL block. 

PL/SQL supports all datatypes that are supported by SQL so you do not have to convert SQL 
datatypes in PL/SQL datatypes. PL/SQL afso allows you lo use SQL operators, functions, and so 
on. 

PL/SQL is easy to learn and understand as most of the charac [eristics are extended from SQL and 
the synta* used in PL/SQL is very simple To learn as it uses lots of keywords thai clearly express 
the purpose of your code. Being familiar wilh any of the programming Language such as c, c+-*- 
makes it easier to memorize and use the PL/SQL programming syntax. 

Enhanced Performance 

PL/SQL provides better performance than SQL because one SQL statement can be processed at a 
time by database, which means if you have lo execute more than one SQL statement than you 
have lo access database as much as SQL statement you need lo execute. Accessing the database 
several times resulls in the congestion in network as database are generally stored on server and 
thus ihe time to process SQL slatemenl will automatically increased, which leads in low 
performance. 

In PUSQL, more lhan one SQL statement can tie sent to Oracle database for processing because 
in PL/SQL, you can collect all the statements in PL/SQL block which is the basic structure of 
PL/SQL and all the programs in PL/SQL can noi be created without PUSQL block or you can also 
use PL/SQL subprograms lo collect multiple SQL statements. A subprogram is a PL/SQL block 
thai consisls the sequence of statement lo perform iomp specific task. A subpn>gram tan be 
called by other PL/SQL programs. Thus, Oracle database will be accessed only once and there 
will be no congestion in network, which results in the better performance. See the Fig.PU5QL- 
Ll lo understand the working without using PUSQL and with using PL/SQL. 
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Independent SQL StatefnenL 



BEGIN 
THEN 

SQL Slalernenl 
ELSE 

SQL EJaleinent 
END IF: 
END, 



Oretla Database 



PUSGL black rtnlh multiple SOL $t£lsnttfil5 
Fig.PiySQL-1.1 

In Fig.PI/5QLl 1, ii is clearly rfepiried lhal before the use of PL/SQL. an application has to 
communicate with the dalabase with several independent SQL statements thai ultimately leads 
in overhead on the database and reduces its performance, while with the use of PL/SQL, you are 
passing several SQL statements within single PL/SQL blocks to dalabase at san>e time and which 
SQL statements has to he executed depends on the conditions provided within PL/SQI. block. In 
this way, PL/SQL in Oracle provides belter performance. 

Portability 

PL/SQL is a portable language, that is, programs created in Ihe Oracle environment can also be 
executed on any operating system that supports Oracle. PL/SQL programs follows Write once 
and run everywhere (within Oracle environment) slogan. 

Security 

PL'SQL provides higher security than SQL. PL/SQL slored procedures places the application 
code ceniiaUy on server rather than plating un client syslem. By placing the application code 
centrally, you can hide Ihe code from other users. You can set the permission to access PL/SQL 
procedure by various users tor performing different activities such as updating, deleting a table or 
data within a ublc 

These arc some advantages of PL/SQL due which PL/SQL is a ubiquhous daiabase 
programming language. Let's have an overview of the various PL/SQL versions to know the 
enhancement made in PL/SQL versions released with every new Oracle version. 

Versions of PL/SQL 

Till today various versions of PL/SQL has been released along wilh the versions ol Oracle. Every 
new version n| Orat le tomes wilh its own version ol PL/SQL and every new version comes with 
additional characleri^ttL? from previous version to provide you belter iunction.ilitv. In this iwiok, 
we are considering Ihe Oracle 1 Og and the PL/SQL version that is 1 0.0 that has been released 
wilh it. fable 1 . 1 cfepicls all the versions available Mil the release of Oracle f Og. 
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Now, we have discussed that how Oracle's PL/SQL has been improving lo provide better 
performance. 

lei's study the features 01 PL/SQL lu know dll thdl PI/SQl tonsils and how it help-* in making 
database programming easy and ffficieni- Here, we study these feaiures in hriel because all 
features will be discussed in detail further in this book. We also discuss the new features 
included in (he PL/SQL for Oracle lOg, 

Features of PI/SQL 

Many of the key failures in Oracle 1 Ug PL/SQL are same as ihe previous versions {PL/SQL 9.2). 
Still Ihis version has some new improvements due to which the database performance is more 
enhanced, PL/SQL has changed the way of database programming and becomes [he omnipresent 
database programming language. 

PL/SQL allows using SQL statements within PL/SQL block. Program flow can be controlled and 
multiple SQL statements can be sent to database at The same time. PL/SQL subprograms 
(priH n edure& and funuiorvi] can be used to make the program easier. 

We will discuss all features in details in forthcoming chapters, bui here we can have an overview 
of all the main features of PL/SQL along with the new features added in (his version of PUSQL in 
Oracle 1 Og. Here we discuss ihe following main features, which are then followed by ihe new 
features added in (his version; 

□ PL/SQL Block 

□ PL/SQL Variables and constants 
u PUSQL control structures 

□ Using SQL within PL/SQL 

□ PL/SQLcollectfons 

□ PL/SQL Records 

U PL/SQL Subprograms 

□ PUSQL packages 

□ Exception Handling 

t 1ere r ue start discussing all these features 

PI/SQL Block 

A PUSQL pn>gram consists minimum nne PL/SQL olock. fl is not possible to create a PUSQL 
program wit html PUSQL block that's why PUSQL block is very important and Ittisic unit of 
PL/SQL. A PUSQL block has difterent parts and that parts are Declarative part where you declare 
items such as types, variables; it is optional part, Executed pari where you write procedural and 
SQL statements and is necessary pari of PL/SQL block; without it PUSQL block js incomplete, 
and final part is Exception handling where you provide (he code to handle exceptions; it is also 
an optional part. 

A PL/SQL block has tour ke>words, declare, begin, exception, and end. declare 
keyword is used to break the PL/SQL block in declarative part, BilGIN is used to define (he 
Execution part, EXCEPTION keyword is used to start the exception handling, and END keyword 
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I; Introduction la PL/SQL 

is used to end The PL/SQL block. See the following snippet to understand (he PL/SQL block 
structure: 



Variables and Constants 

PL/SQL allows declaring variables and constants so that Ihey can lie used in execution part. 
Variables and constants must have To be declared belore using in statements (Execution part). 
Variables and constants can have any SQL Isuch as NUMBER, CHAR, VARCHAR2) or PL/SQL 
datatype (BOOLEAN). The only difference between the declaration of variables and constants is 
that while declaring constants, you need to use constant keyword and value should be 
assigned at the time of declaration. In case of variables, values can be assigned in execution part. 

Control Structures 

It is a very important feature of PL/SQL that lets you allow adding constraints on statements to 
send multiple statements to database at the same time rather than sending the several 
independent statements as we ever did in SQL. PL^SQl provides the following control structures: 

□ Conditional controls: This control allows you to execute several statements based on 
different conditions. You can check those conditions with the help of IF-THEN— ELSE 
statement to execute the proper statement. IP clause checks the condition and if the 
condition is true then the statement written under THEN clause will be executed otherwise 
the control transfers to ELSE clause and that will execute. In this way, conditional control 
structure works. 

□ Iterative controls: Sometimes you need to execute a sequence of statements multiple limes, 
which was not possible with SQL but PL/SQL provides you iterative controls to complete 
your requirement. PL/5QL provides you several loops such as loop — end loop, for 
loop, while loop. All these iterative structures will be explained in Chanter-4. 

Q Sequential control: This control allows you to transfer the control from one pari of program 
to another. PL/SQL uses GOTO keyword to support sequential control. 



within PI/SQL 

has extended all the features of SQL. II allows using all 5QL dataypes, operators, 
and so on. Using PL/SQL, all the DDL and DML statements can be executed from 
within PL/SQL block. 
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PI/SQL Collections 

I ike- miner pingrarnminj; language-, such as i , i + PL/SQL also allows urn m group element ol 
similar d,Va1vpev fn i . i + -. jjmup r>i Hi 'merits ni same l J H i l H "i ( p*" - is c I n n t' ^ilh Ihe lis*.' or arrays, 
lush table (3 1 sd s-o an. hut here arrays ,irc tailed ,is varrays and hash table Lire known as 
absnt lative .ura vs. It > tjli are familiar with anv oilier programming lanp,Lia£e such as c, c+- then 
it, lining i J l/SQI. t oiler lirms heroine vitv easy but it vr>u an' no| fari«lia: wilh any other 
programming I . i n ^.'i j, Lyf-" and it i 1 - llie : a r-s I language urn are siudying (ht'ii akn have no need ti> 
worry because PL/SQL is on e,i^ language lo understand The List. 1 01 PL'SQL collections will he 
depicted in the Chaptcr-u or Jlns book. 

«/Sfl£ Records 

keloids are likt? data stiuctures used in programming languages such as r. r+ -. As data 
strut Inn's are usi'd to group prions elernerils of rliiiereiit d,iia types, in |iit j sanie wav rei nrcJ-. are 
Lisi'ii. "I lie 'ink diltereiir v between (ollei boils and records is lb,il i e^. ■ 1 1 r nller lions von i .m 
gioup clemcnl ot similar dalalype and nsinji rf.-r.ords disstmiLir data ly pes tan Ik 1 grouped Fur 
r\ampk\ u >nu vv,inl tn toilet r (hi 1 information rir an empluyee such as his/her name, age, 
a<ldres> (hen you <_an do this \y, using a single record hut rf you uso collection then son have lo 
nirikt' \ annus r nlln lion 'sut h as h. ,irc.iy ) in group llu." elements ol similar dalavpe. The use <A 
PL ; SQL ret orris will he deprrled in tin- Ch a pier- ft oJ thh book 

PL/SQL Subprograms 

f'J SQL also .illuu'ii ti-nin^ pioi edures arid iLiric tit iris as oilier programming languages. In l'l_/S"QL, 
procedures and t unctions arc collectively known js subprograms. A f'l.'SQL subprogram is 
innii.ir in !'l 'SCJI hlrn k ,ir:ori'. minis hlni. k'. cMCjil ih,LT ,\ siih[iin^r,ir[i rnn^[ Ih^'i' snnu' name so 
lha( il i an I>i l inuiko! .mvufirrr- in ihr program or in any iHlu-i applkalion 

.Subprruirani!. arc \\-t\ inipurjjni in l.ir^c applicnion ,ns it breaks down the bi£ and complex 
apphta'ion Indi oa>ilv ni.iii.inealilc mod u let. 

SuhpruijMnjs have prornotetJ ihe r.oncr.'pf ni reLisabihty . f he same subprogram can In 1 usud nioie 
than one time in \arj< jlik appln adons Once teitcci suctesiiully I hen il tan \n.- uscrl direr tly m 
.n iv .i;)(>1k alum i\ilhi>nl \v,Lstiriji i time nn .vnliiij; il .ii^mi ,irid ai^am Inc a r\i-\\ applu rition, 
E'L'iQL protedures and Hmctions are sliticlurjlk same but have nnl> one ditferent.t' in whir h a 
ujiiLlian has .-^"'J.-;. t laii^e. Sub program-, \\ NI espl.irn in detail in ChapM-r-Ji it\ \ht\ bnr>k. 

Pi/SQL Packages 

A PI ■ S C par kajif i> knou ri a 1 - f kitaSidse nlijct !, w hir h i*- um'iJ In bundle loj;ir.,iilv relaled PL'SQL 
pji >i I'duri"' mm lions VI .'^QL i inrJc^ with In)', ril [iri'dETirierJ p.n ka^e*. sur b as 

::- L :. v t7f, '..p,yy _ ; i;t r : - thai ran he n^d rlirettb m ynur apfilit .stinn or n™ fi,u ka^es 
%\ ilri ^ nor riwn ^per itir atmu^ -ivhit h r an ,itso be i re.iti'rl, 

A I'i /SQI pat kfik^e ba^ Hsu p.iils, •yp-\ ilii -Hirm and hmk S\'i-< iln.ilirjri p.irt i ,in bi' ( iimIf-iJ wilh 
In" o-e ol "i : ■v. 1 . yr- - slafemenl and use lo deiiaie con^iants. variables, 

procedures, Uini'tions. cursors and excqulions in a package. 



S 



1; in!mdwHon to 



Package body Is created with the use of CREATE PACKAGE BODY, SQL statement and package 
body contains procedural and SQL statement Basic si rue lure to create PL/SQL package is given 



This is just an overview of packages in PL/SQL. Packages will be explained in detail in Chapter-9 
of this book. 



Exceptions are runtime errors that interrupt the execution of PL/SQL program. There are many 
such as program is not property designed, dividing any number by zero for occurrence 
of an exception. To avoid the program interruption, PL/SQL provides the mechanism to handle 
the exception. To handle exceptions, enclose the program code within begin and end clause 
with exception handler In PL/SQL block, exception keyword is used to start the exception 
handling in PL/SQL block. 

PL/SQL also allows you to create your own exceptions along wilh handling [he predefined 
exceptions (thrs type of exception generally occur when any number h tried to be divided by 
zero, stack overflow and so on), zero divide exception witl occur when you try to divide any 
number by zero. 

To create your own exceptions, RAISE statement needs to be used. How to handle exceptions 
and how to generate your own exception will be explained m Chaptei-1 1 of this book. 
With the end of preceding given feature, you must understand that why PL/SQL is so popular, 
now we continue with the new features added in PL/SQL for Oracle 1 0g r 

Features added in PI/SQL for Oracle lOg 

features added in this version of PL/SQL have made it more convenient, easier, and more 
automatic to use. New features added in this version are as follows: 

Q Improved Performance: This version of L'L/SQL carries wilh more automated features such 
as reuse the expression code, introduction of new datatypes for processing scientific 
operations which has involved in improving its performance, 

□ Support for FORALL statement: PDRALL statement lets you allow to process DML 
statements more efficiently by iterating over non-consecutive indexes, PL/5QL has indices 
OF and VALUE OF clauses lo iterate over non-consecutive indexes, forall statement uses 
specified index in a collection to ilerate and process the statements. 
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□ Introducing BINARY, FLOAT and BlNARY_DOUBLF floating point datatypes: These are 
two new introductions m the da I a types. These datatypes support IEEE 75-1 loniial and are of 
floating point type. These are used for intensive scientific compulation where floating 
dalalypes are used in ealc ulalion. 

□ Enhanced Overloading: Overloading has improved in this version. Subprograms lhat have 
different numeric datatype* as parameter can be overloaded in this version. 

□ Improved Nested Tables: No*v vou have more enhanced Nested Tallies. Using this version, 
nested tables can be compared lor equality such as von can check that whether a nested 
table is a suhsel of another nesled lable or nut. you can cheek wheihtr a particular element 
is a member of a specific nested lable or not. 

□ Compile Time warnings: These features helps m making .1 PL/SQL program mors- robust and 
well functioning;. By using ihis feature, Oracle issues warnings during PL/SQL program 
compilation when found any problem such as passing char value to lloat column in INSERT 
statement. You can use L-LsOL VJ/il J N'[NGi initialization parameter and DPV3 WARNING 
pan kage to manage s ompile time warnings. 

□ Implicit conversion between CLOB and NCIOB: Keiore introduction of this feature, user 
ha\e to use ':'j_i:LOa and 7_i N^LOh to convert CL-'i into acLOb and nclob into clob 
but now user do nol have (o convert them explicitly because in this version, Oracle makes 
implicil conversion between them wherever required, 

U Flashback Query Functions: Tins feature is used to know the timeslamp asvii Mled with a 
particular ^CN (System Change Niirnljefi and also 5"tJ nit partii ular moment of time and for 
tins purpi>se r you have ^£t:_r" JTT^I^'TAi-'P ;md T I V:TfjTA^!F_TCj_C!."-N functions to use.. 

jch TO 'l lM^TAUr Junction takes ^cn number as parameter and returns the timestamp 
assnt lated with tli.it SCX while 7 rM^T.-MP TO .S'li function takes time value as 
parameter and returns ilie 3i7N at that riionient. 

Here, we have completed discussion on PL'SQL features aod the new fed iu res added in the 

PIjSQL for Oracle l()g. 

Let's study the basic working structure oi PL/SQL in Oracle. We are talking about the 
architecture of PI-/SQL in Oracle, ft is necessary to understand the architecture because if you do 
not know that how Pl.'SQl proc ess ihe slaiements irn luded in PI/SQl bkick. it becomes difficult 
to understand I ho PL/SQL programming. 

PL/SQL Architecture in Oracle 

Aj chile* lure or PI. 'SQL represents its basi< working in t oordmatiou with Oiacle. A PL/SQL block 
or subprogram tonsils, of both procedural statements and SQI statement Pi.'SQI. architecture 
describes the process that how PL/SQL in oracle interprets a PL/SQL block or subprograms. 
PL/SOL architecture in Oracle lOg tonsists ot PL/SQL block or subprogram, PL/SQL engine, and 
Oracle server. PL/SQL engine compiles and executes the PLMJI. block or subprogram. Oracle 
database or application development tools such as Oracle forms. Oracle reports contains PL/SQL 
eiigme, PI/SQL engine contains PL'5Ql procedural slatemenl executor to execute procedural 
statements within a PL/SQL block or subprogram and Oracle server contains SQL statement 
executor to execute bQl statements. I'j ;.SQ| engine and Oracle server work in co-ordination to 
process a PL/SQL block or subprogram. Fig.PIASQL-l .2 depicts that bow PL/SQL engine and 
Oracle server work together and process a PL/SQL block or subprogram 
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Fig.rUSQL-13 

PL/SQL engine accepts procedural statements and SQL statements as input. PUSQL engine then 
process a! procedural statements through procedural statement executor and send the SQL 
statements to Oracle database server to process. In this way, a PL/SQL block or subprogram is 
processed. 

With this, we have completed discussion on PUSQL Arch i lecture and the way a PUSQL hlock or 
subprogram processed. 

With the end of discussion on PUSQL architecture, we finish this chapter. By now, vou must 
have enough idea about PL/SQL such as the requirement of PlJSQL and its architecture. Before 
closing Ihis chapter, let's have a gfance on summary. 

Summary 

In this chapter, wc have studied about: 

□ The introduction ol PL/SQL 

□ The Need and advantages of PUSQL 

□ The various versions of PL/SQL 

□ Features of the PL/SQL 

□ The PUSQL Architecture 
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In Ihe world oi { nmpultwalkm, wLumi ivc talk ,iL)oot programs ihen we must alsu take into 
consideration concept. :.u<-h as the program slructurc and datatype. A program nwv contain 
venous variable- to store data and those variables must be assigned with some specific 
data lv pes Thus, dalatvpes can l?e defined as a format to store daia. PL/SQL provides various 
dataivpes, such as ii-jif^er, f-.gjvi lhal ht'ljj Crack: io choose a slurage formal tor inlernal 
represent I ion of objects *»ncl impose a r.in.^1? or values upon thon* objetts, A PI /SQL developer 
should hove knowledge of llii. 1 predefined d,jl,ir>pe^ associated with PL/SQL so lhai one can 
choose appropriate datatype for a variable used in an application, hor example, you can choose 
PL/SQL data typo v"A! J fJHAj J 2 for name of <i human being, Further knowledge oi the Lmic 
program struUure nt PI 'SQ! also helps us in partitioning Ihe applii otion into easily manageahle 
sections. This partitioning also helps us to catch and ij\ flaws m ditfarent pads of l he program. 
We begin ihis chapter with a discussion on the PL; SQL block structure moving on to further 
concepts, such as dalatvpi'S. lexical units, jnH operators whose prior knowledge is essential 
liefore beginning with Pl./SQI . 

Describing Block Structure 

PL/SQL is also known as a block-slruclured language as a simple PL'SQL program contains many 
logical blocks whore each block solves a part oi the problem. For example, a PL'SQL program 
mav use arlv funr [ion inside iKelf to jierforrn some operalion ami ihis lunt'Eiori Ihen h^tps in 
solving some part of the* problem, whidi is to he addressed by the s<inie Pl/SQI program. 
To undersland the functioning of a PL/SQL program, we divide ils study into blocks and study 
each block sep^iralely F.very program Lonsisls of one or more blinks, where e.ii h block contains 
relaled doclaralions and stalenienls. A PI /,SQI blork ran < on^isl oi I he following sertions in Ihis 
sequence: 

□ Block Header 

□ Declaration Sen ion 

□ F\ot ulion Sc* tion 

□ Exceplion Section 

Block Header 

The block header section contains (he name of the bfock. II is optional and used only when there 
is n need to assign any name lo a PI /SQL program. Name assigned to a PL'SQL program helps in 
calling it in oilier PL/SQL programs. The PL/SQL block header in PL'SQL bfock slructurc is 
shown in Fig.PL/SQL-2,1 . 



! n 

i *" "'" ; "' '" 
I evfptil.-^ 

| I.M 1 

hp.t'lVSfjL -2.1 
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After the block header, we need to declare PL/SQL variables (which are further used in a PL/SQL 
execution section) in the declaration section. 

Declaration Section 

We now need to put information in a program block about the variables used in the block, such 
as associating datatypes with variables, initializing variables. This objective is achieved using the 
declaration section. However, this section is not compulsory. It is used in a block only when we 
need to declare variables. If a situation arises where we do not need variables, this section can 
be avoided. 

The declaration section starts with the declare keyword. After the declare keyword, 

declarations of variables are provided. 

The syntax for writing this block is as follows: 

DECLARE 

Variable naaecspaco Datatype: 
The execution section follows the declaration section. 

Execution Section 

Execution section follows the declaration section in the conventional program block. Execution 
section is the most important section of the PL/SQL block structure as it is responsible lor the 
actual execution of the code. In other words, we can say that i! is I he functional part of the 
PL/SQL block. 

This section starts with the begin keyword and ends with the end keyword. Between begin 
and END keywords, we write The set of instructions or code that we wan! lo execute using 
PL/SQL. 

It is however not necessary that the code we write in this section must produce an action. The 
code gets compiled even if the instructions given in the execution section do not signify an 
action. 

All DML (Data Manipulation Language) and DDL (Data Definition Language) commands may be 
used in this section. Listing 2.1 contains an example of the execution section of the PL/SQL 
block. 

Listing 2.1: Example of P1VSQL block containing execution section 



Listing 3.1 shows the code to retrieve the system date into a variable 1v_date_time) of type 

DATE. 

To retrieve the date, we use SySdate (In-Built PL/SQL function). 
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To display the oulpul, v.c use ?UT_LINE procedure ot HBMoj^TrnT fln-Huill f'USQL 

package). 

To display the result, we use set serve rout put on because bv delauli SQL "Plus does noi 
re.nl whal a PL/SQL program has wriiten wiih dbxs_outfu~ p.irkage. Wi i discuss more aboul 
These concepts further in the book. 
Listing 2.1 can be executed in the following two ways: 

□ Using SQLTlus 

□ Using iSQL"PIlis 

Lei's explain eac h w*ty in detail U> execute a simple PL/SQL program. 

Using SQL'Plus 

It is used lo execute (he PL/SQL programs and siaiements on a single user mode, thai is Oracle 
PV5QL installed on a system cannot be shared by multiple users. 

lei's see how to execute Lisling Al in SQL Plus. To execute Ihe listing, Killow the sleps given 
here: 

1 . Click slarl-^All Programs-* Of ade-QraDblQg_homel-^ Application Development SQL 
Plus, as shown in rig.PL'SQL-2.2. 
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fiSrFI^QLZr7 

The Log On window appears, as shown in Fip.PL/SQL-2. J. 



2: [-ivi/tittls 

2. In the. Log On window, enter the user as scolt in the User Name text box, as shown in 

3. Now, enter Ihe password as liger in Password lext box |Fig t PI7SQL-23). 

4. Then, enter Ihe hosl siring in the Host text box, , is shown in Fig, PL/SQL -2. 3. 

5. Now, click The OK button -2,3}. The Grade SQL *Plut- window appears, <is 
shown in Fig. PL/SQL- 2, 4. 



G. Now, write ihe code shown in 
Fig.PL/SQL-2.4. 



2.1 in the Oracle 5QL 'Plus window, as shown in 



: Utilise It.lJ.?.! - an lur J*n 39 IV2I:1f ?«B 

CO 191?, it**. (Ill right* -Ibr^m. 



■he Pirlitiaalnij, m. flP jrd 

Ul iEHUEHDIIFlJI II H 

KCLME 
J i>_ddle_ll"* IHIE; 
3 HGIH 

t ULEtr IMID 



7, Now, press the ENTER key to the code. As soon as you press ihe ENTER key, ihe 

output will be displayed as shown in PL/SQL-2..K 
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This is (lie process to exetule the PL/SQL programs and st.ilemcnls in 5QL "Plus. 
Using iSQL'Plus Console 

It h ustd to execute the PL/5Q!. prngums and SQL statements ( >ri nelwork'd Systems Multiply 

users in ihe some network can access Oracle PL/SQL installed on a system bv specifying the 

network path iFor example, tip; .'/ 1 ot J - rest : r-S60. i.^qlp _U5.')- 

I fl's fnl low Ihe iteps given here lo exeiult? Lislitig 2.1 in iSQl.'Plus tonsok 1 : 

1. fnrer the UKL 'lor example, o — p: '.'Ice jlncG^ : b5& J / laqin.-js > m Ihe Address bar of 

your weh browser fFig.PL^QL-2-f^ to open the Oracle i$QL*Plus login consoler 

dig PI /SQI-2.7j 

i 




riS-PUSQl-T-b 

Click the Go button, as shown in Fig.PL/iQL-2.f). The iSQL'Plus login console appears 
ilifl.PlySQL -2.7). 

In (he iSQl.'I'Lus login ton^okv enk'f ihe u^er name iCOU in tht* Usprname lext iiekl, as 
shown in Fig. PL/SQL -2. 7. 

Then, enler the password in the Password teM lield f Fig. PL/SQL -2. 7^ In our case, we have 
used the derail I i password (hat is lifter. 

Enter the host string (hat is orrl in Conned Idenlifirr text lidd, as shown in Fig.PL/SQL-2.7. 
■Vow, dick the Login button (Fi[i.PL'bQL-2.7i. The Oracle iSQL'Pltis workspace window 
appears, as shown in Fig.PL/SlJL-2,H. 
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Ltgin 



Fig.PUSQL-17 

7, Write the code written in Listing 2.1 in the workspace window ,md press the Execute bution, 
as shown in Fig.PL/5QL-2. 8. 



The Oracle iSQL"Plus workspace appears once again to display the output, as shown in 
Fig-PtVSQL-2.9. 
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Fig.PUSQL-2.9 

This is the process to execule the PL/SQL programs using iSQL'Plus console. Now, if you want 
to execute some more programs then click the Clear button, as shown in Fig.PIVSQL-2.1 0. 

This will clear the workspace window (Fig.PI75Ql-2.10) and then you can continue working 
with other PUSQL programs. 



| Boo 1 UUJ I Won I (V 



Fi^PL/SQL-2.10 
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So, these arc the two processes to execute the PL/SQL programs. No«, Id's continue our 
discussion with the next PL/5QL bloc k structure that is exception section. 

Section 

Exceptions arc certain abnormal conditions, which occur sometimes during execution of a 
PL/SQL program and cause ihe program (o terminate. Exception section of the program block is 
an optional one. All sections of the program block except the execution section are optional 
sections. To make a PL7SQL program tree from runtime errors or exceptions, you arc suggested to 
use exception section in PUSQL programs. 

The exception section in a block begins with the keyword EXCEPTtON and ends with (he 
keyword END. 

This section basically catches the errors that occur when the program is executed. These ctrors 
are caughl using the various function? provided specifically for this purpose. Some functions for 
exception handling are provided under the STANDARD or DBMS STANDARD packages. We 
read more on exceptions in Chapter 1 [(Handling Exceptions in PL/SQL). 
The following code snippet shows a simple EXCEPTION section or PL/SQL program. 



After understanding the block structure of PL/SQL program, let's study various [ypes of blocks. 

of Blocks 

Depending on the header section, there are two main categories of blocks— anonymous blocks 
and named blocks. A third kind of block known as nested block is also available that can 
contain one or more anonymous/named blocks. Let's now study all these blocks in detail. 

Blacks 

Anonymous blocks, as the name suggests, are those blocks that do not have a name. Therefore, 
we do no( have any block header for these blocks; hut ihey have one or mine sections, which 
are dec bra! ion, execution, and exception. Since they do not havcj d rnuiici, cannot coll tliem. 
Due to this, anonymous blocks are also not stored in the database However, an anonymous 
block can call other named blocks. 
Uses of anonymous blocks in PL/SQL are: 

□ Declaring variables ihat can be used in the execution section. 

□ Declaring cursors that can be used in the execution section. Cursors arc used to access 
element* stored in a collection. We will study in detail about cursors in Chapter 
7(Understanding Cursors in PL/SQL). 
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□ Executing Cursor SELECT ^i^(friirjn[ r 



Named Blocks 

N^meH blocks are the blot ks that have some name. It is obvious ihat 11 a block is a named block, 
ir would contain .1 block header because [he name of ihe block is defined in a block header. 
Therefore, anv named block would com j in at least two 01 mnre block sections. This iji because 
file fx?i uMon section is a ncie^sary section tor any PLVSQI block and if we make header 
compulsory Ihcn there would lie I wo compulsory sections in ihi- hloi k. Overall, named block 
cm hujve .ill the lour sections— block header, declaration, execution, and exception. 

Nested Blocks 

Nested blocks are yet another important kind ot PL'SCJL blocks. When we have blocks placed 
inside other blocks, we call this phenomenon as nesting and such blocks are known as nested 
blocks. These nes'ted blocks might further differ from each other depending on several different 
<riierions. One of ■nuth impoitanl cnterions is Mie level of nesting. Each Nested block has a 
certain depth. This depth is the number ol levels to whiih ihat hloik lirfs been nested, for 
example, rf we h.ive .i block wilhrn a block, then it is s^id to be nested to level onc r Jl the block 
contained inside I he block further Contains another block, then the level of nesting increases to 
two. Nesting is allowed onlv in two set lions — exet ution and e\< eplmn — <ii the PL/SQL bloc k. 
Lei's now discus the prions data types available in PL/SQL to store real world entities, such as 
numbers, texr. and images. 

Introducing Datatypes 

Having knowledge about datalypcs n essential be'ore beginning with application development 
in any programming language because datatypes form ihe most haiic building blocks for 
developing any program. PLAQl supports all the predefined datatypes in SQL and also some 
additional ones. There has to be a datatype for even 1 variable or p.ira meter in PI /SQL. 
Depending on ihe need oj the application, we can choose the datatype that suits us the best. 
Venous cliil 0 types available ir> PI/SQl are: 

J Number Types 

J Character and Slung Ivpes 

J National Character T\pes 

□ liiif )k-rin Tvpe 1 
J LOU Types 

□ Dale and Time Types 

□ Subtypes 

Number Types 

Number types are sralar datatypes. The datatypes thai hold single value are known as scalar 
datatypes. A* the name suggests, number tvpes are used \u si ore nirmerii v.ihtes. These numeric 
vafues may include integers, real numbers. UsujIIv. we use number tvpes lor fields that need 
numbers as values, such as age r measurement 
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The number types are further divided into following types: 

□ BINARY.INTEGER 

□ NUMBER 

□ PLSJNTECER 

□ BINARY.DOUBLE 

□ BINARY_FLOAT 

BINARYJNTEGER 

BINARy_INTEGER stores the signed integer in a two's compliment form. The range of binary 
types is from -2147483647 to +21474Q3647. This type is generally used when ive need lo 
perform arithmetic operations. It has following sub typos: 

□ NATURAL: May store integers in range from 0 lo 214748i647. 

□ POSITIVE: May store inlegcrs in range from 1 lo 2147483647. 

□ NATURALN: Same as NATURAL, bul cannot assign null to integer variables. 

□ POSITIVEN: Same as POSITIVE, bul cannot assign null to integer variables, 

□ 5ICNTYPE: It is used in programming Jri-state logic that is an integer variable can only have 
value either -1, 0, or 1. 

NUMBER 

The NUMBER type can hold floating-poini values or integers in the range [Venn 1.0*1 0 A -1 30 to 
9.99x1 0 A 125, The general syntax of NUMBER type is as follows: 

NUMBER C (P reel si on . seal e) ] 

In the preceding syntax: 

□ precision: represents the total number of digits that a number variable car store. 

□ scale: represents the total number of digits that a number variable can contain to the right of 
(he decimal. The scale can range from - 84 lo 127. We can only use integer literals for 
specifying precision and scale. 

Now, see ihe subtypes of the number typo. 

□ DEC, DECIV-AL, and NUMERIC: Used to declare fixed-point numbers with precision up to JB 
decimal digits, 

□ DOUBLE PRECISION and FLOAT; Used lo declare floating-point numbers with precision 
up lo 3ti decimal digits. 

□ PEAL: Used lo declare flonltng-poinl numbers with precision up lo 10 decimal digits, 

□ INTEGER, INT and SMALL I NT; Used lo declare integers with a precision up to JS decimal 
digits. 

PLSJNTEGER 

PLS INTEGER type can slore signed integers in range from -JI47483647 to +2147-163647. 
pls_integer datatype is more efficient lhan number datatype since Pl,S_:w"?tf:G?:^ values 
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Like less storage limn NUMFiFl^. v-ikies and .itso use hardware arithmetic lor operations involving 
iheni. Oracle recommends the use oi plS :xtEC-lK aver EjInakY i:\Ti:C-E:^ for developing 
new applications. 

BINARY„DOUBLE 

BINARY JXJU3LE datatype wat released (or the first time with Oracle lOg release 1. It is tailed 
I?TN7iRY_IX^UE;I.E because il is an IEEE- 75-1 double precision floating datatype. 

Lit™ Is of BINARY ro ! J^:.K ly|ir end willi d, such .is 1,005614d. It is.i high precision datatype, 
which is generally used to measure system |>erfonnance. It is used lo measure performance 
because working wilh s)5tem parameters requires performing several complicated calculations 
correct 10 several decimal places. 

BINARY_F10AT 

ULNAR ;_rLOAT datatype is newly introduced wilh the Oracle lug release 1 . It is also used to 
perform high precision scientific calculations but unlike B_MA!<Y l>j'JBLi:, it is single precision 
Moat datatype. However, it finds a similar application lo HfNn^'i cO"JL-[.:- datatype in 
measuring perlorniance gains. I.ilerals oi ^ 1 ;^A^V ? r OA"' type end with f, sue h as l.tf7f. 

Character and String Types 

The character or string types in PL/SQL are used to store everything Irom single character values 
10 large strings up to ~'2K in sue. We con use Ihcse types to store letters, numbers, or binary 
data. We can also store any character supported by (he database character set using this t\pe. 
Character tvpes are also scalar types. Various different datat>pes Ihal are included in this type are 
as follows: 
J CHAR 

□ LONG 

□ LONC RAW 
Q NCHAR 

□ NVARCHAR2 

□ RAW 

□ ROWID 

□ U ROW ID 

□ VARCNAR 

□ VARCHAR2 

CHAR 

;"HAf- is 'i fixed length datat\pe. By delaull, data is stored in bvtes. It is usually used to store the 
basic character type \.aluc&. Internal representation ol characters depends upun database 
characters! (AbCII, EGCDIC.,,.", The general syntax ol CHAR data lype is as follows: 
CHAR [ CS 1 ZB [CHAR I BYTE] J ] 

The size literal can have value from 1 to 32767. The size can be in terms of character? or bytes. 
Therefore, upper limit of CII^T' variable is JJ767 bytes but we cannot insert CHAR values 
grealer than 2000 bvle* in LkA? database column. DclauEt value of si a 1 is I . 
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LONG type is used to store variable-length character strings. It can hold values up to 32760 
bytes. Note that Ihe long type in PL/SQL is different from the long database column used in 
Oracle database. Maximum width of LONG column in Oracle database is 2147483648 bytes, 
we can insert LONG value inro LONG column but we cannot do vice versa. 



FLAW is similar lo Ihe long type but lI can also s'ore binary data in addition (o storing 
strings. 



You are already aware of ASCII and EBCDIC character sets, which are used to represent roman 
These alphabets are internally stored only in one byte but some characters of Asian 
such as Japanese need more bytes for Their internal storage representation. Therefore, 
provides globalization support lo run Oracle applications in many language 
environments, Two character sets that are used for internationalizing tor globalizing} an 
application are database character set and nalional character sec. 

National character set is used lor national language data. National character set represents data 
two encodings — UTF6 and AL16UTF16, In UTFfl encoding, each character may lie stored 
T, 2, or 3 bytes depending upon runtime length requirement. In ALl6UTFlb encoding, each 
is stored in 2 bytes whether a string consists of ASCII characters or not. This is more 
encoding at runtime. 

holds fixed-lenglh national character data. Interna! storage representation of string 
depends upon specified national character set with specified encoding. The general syntax or 
NCHAR data type is as follows: 



size in this svntax is an integer literal. The upper limit of size literal is 13767/2 for 
All 6UTF1 & encoding and 32767/3 for UTFB encoding. The maximum size of nchar database 
is 20D0 bytes; therefore, you cannot insert kchar values exceeding 201)0 bytes into a 
database column. 

can assign a CHAR value into a NCHAR variable but opposite assignment results into loss of 
bytes. 



holds variable-length character data. It i& identical to the VARCHAR2 type, bur takes 
character set specified by the National Character Set The general syntax of NVAiiCFiAR2 
as follows: 
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In this syntax, the size is a literal. The upper limit of size literal is 32767/2 for ALI6UTF16 
encoding and 32767/3 for UTF8 encoding. As maximum size of NCHAR database column is 
4000 bytes, therefore you cannot insert NCHAR values exceeding 4000 bytes into a NCHAR 
database column. 

You can assign VARCHAR2 value into a NVARCHAR2 variable but opposite assignment results 
into loss of some bytes. 

RAW 

The RAW type stores fixed-length binary data, such as a set of graphic characters and can hold 
up to 32K (32,767 bytes). The general syntax of RAW types is as follows: 

tifWilnlTl" l~ liHliirMlillliV Hi iihUIHlliH ll filiHlllll ■ imUMimUM 

The size is an integer literal and can have values from 1 to 32767. Since the RAW column of 
Oracle database can hold only 2 Kilo bytes, therefore, we cannot insert RAW value into RAW 
column. We can store RAW value into LONG RAW database column. We also cannot retrieve 
value of the LONG RAW column into LONG RAW variable. 

ROWID 

Every record in a database table internally contains a unique binary value called a ROWID. The 
rowid is storage address of the row. The rowids can be of two types — physical and logical. 
Physical rowids provide quick access to specific rows. By default, there is one physical rowid for 
each row in the database table. Physical row id can be of two formats — 10-byte extended rowid 
format and 6-byte limited rowid format. You can also retrieve the rowid of a particular row. SQL 
* Plus automatically changes binary rowid into character rowid. Execute the following query to 
see rowid: 

select rowid. enime fro. bonus where enpid-102; 

This query generates the following row: 

AAAL+bAAEAAAAAVAAB GauTav" 

The general format of received rowid is OOOOOOFFrBBBBIiBRRR. This rowid formal has 
following tour component: 

a OOOOOO: These six O's represent database segment. In our case, it is AAAL-t-b, This 

number is also called data object number. 
J FFF: These three F's represent file number that recognizes data file, which consists the row. 

In our case, it is AAE. 

□ BBBBBB: These six B's represent block number that recognizes data block, which consists 

the row. In our case, it is AAAAAv. 
-J RRR: These three R's represent the row in data block. 

Logical rowids provide quicker accesses to particular rows. Oracle uses these rowids to make 
secondary indexes on indexed tables. If we change location of the row, its logical rowid remains 
same. 
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ROWID type can only store physical rowids not logical ones. Vou reed to be careful when 
retrieving and storing database rowid into ROW 2D variable or vice versa. Use RGWIDTOCHAP 
function to convert binary value into 16 byle character string when fetching database rowid into 
ROWID variable; otherwise, useCHARTGROWID function. 

URDWID 

UPOWID provides support for storing bath physical and logical rowkls. There is no need lo use 
conversion functions when retrieving or scoring urovjtd variable into urowtd database 
column. The tjrowid column can siore maximum 4C100 bytes, 

VARCHAR2 

VARCHARZ data type is used to Store variable-length diaracler data. The Kenera! syntax of 
VARCHAR2 data type is as follows: 

VARCHAR2 [s1za [OUR I BYTE] 

The size in this syntai must be integer literal. It con fake value from I lo 32767. VARCHAR2 
variables having length shorter than 2000 bytes are known as small VARCHAR2 variables. For 
these variables, PLySQL statically allocates memory equal Co declared size of variable. For larger 
variables, PL/SQL allocates memory dynamically whose size Is just enough Co store runtime 
value. Note that you cannot insert VARCHAR2 values greater than 4000 bytes into VAPlZHAP2 
database column. 

We can insert VAPCHAR2 values into LON'i database column but we cannot retrieve value of 
LONG database column into VARCHAR2 variable. 

The subtypes of VARCKAR2 arc STRING and VARCKAR. These ty pes have the same range as 
that of VARCKAR2 type. 

VARGNAR 

VARC^AR is an ANSI -standard SQL type, synonymous with VARCHAR2. Oracle recommends 
using VARCHAR2 to protect against future modifications m varchar impacting code. 

Boolean Types 

PUSQL supports BOOLEAN data type to represent logical values— true, false:, and null. You 
can assign NULL value lo a BOOLEAN variable when you do not know eilher value oE the 
variable or assigning value to a variable does not mate any sense lor a particular record in table 
or variable. For example, in record of employee who holds designation of a software engineer, 
comm_pct variable or field, which represents percentage of commission does not rake any 
value but tor n sales person, commission matters and co:ifa_pCT; variable ha? snmc definite 
value. Therefore, cQmrr._pct variable may he assigned In NULL value tor software engineer 

Note that you cannot use boolean variables in SQL queries since SQL does not support 
BOOLEAN data type. This note also implies lhat you neither insert BOOLEAN values into a 
database column nor retrieve column values inlo BOOLEAN variable. 

You cannot use quotes when assigning TRUE, FALSE, or NULL values to a BOOLEAN variable 
else you will encounter an error. Listing 2.2 tries to assign TRUE as a character string to a 
Boolean variable. 
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Listing 2.2: Assigning character variable lu boolean variable 



On execution on iSQL'Plus, Listing 2.2 generates following output: 



The output shows error expression is of wrong type in line 4, 

LOB Typos 

LOB stands lor large object. PL/SQL supports various LOB datatypes, such as BFILE, BLOB, 
CLOB, and NCLOB. These datatypes can store text, graphics, audio, and video clips. Size of 
BLOB, CLOB, and NCLOB datatypes ranges from 8 to 128 terabytes but size of BFILE is system 
dependent and cannot exceed than 4 gigabytes. 

LOB lypes are manipulated through lob pointers which can point to large objects stored in 
external file, inside or outside the row. LOB database columns also store lob locators. When you 
fetch a LOB column value, you get only lob pointer. This lob pointer is used to manipulate 
corresponding large object. You can use existing package DBttS_L03 to perform read and write 
operations on LORs. 

Vou can also convert CLOBs lo cear, VARCHAR2 lypes or BLOBs lo haw and vice versa. 

BFILE Datatype 

BFILE datatype is used to stoic large binary objects in operating system files outside the 
database. The pointer stored in BFILE variable points to large binary file on server and contains 
full path of binary file. These BTI LE variables are read oniy. Note lhat you can limit Ihe number 
of opened BFILEs by setting Oracle initialization parameter SKSS IOH_MAX_OPEN_n i,ES. This 
parameter is also system dependent. 

BLOB Datatype 

blob dala type is used to slore large binary objects in the database, inside or outside the row. 
Vou can use only BLOBs not BFILEs in transactions .Vou can also cither revert back or commit 
changes made lo BLOBs using D3MS_lob package. 

CLOB Datatype 

CLOB data type is used lo store large group of character data in ihe database, inside or outside 
Ihe row. CLOBs participate in transactions and you can either revert back or commit changes 
made to CLOBs using D3MS LOB package. 
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NCLOB Datatype 

ncldb data type is used to store boih fixed and variable length ecejar character blocks. 
NCLOBs participate in transactions and you car either revert back or commit changes made to 
NCLOBs using DBM5 L0B package. 

Date, Time, and Interval Typos 

Both date and lime are stored in one variable called da let i me variables and time periods are 
stored in another datatype called Interval datatype. 

DATE Datatype 

DATE data, type Is used to store fined length date and lime in which time is specified in seconds. 
Oracle initialization parameter NLS DATE^FOKMAT determines default dale format. Usually, 
default dale format is 'DD-MON-YY' where DD is two digit numher for day, MON is abbreviation 
for month, YY includes last two digits of year. 
You can extract time from DATE variable in the following Two steps: 

□ Use SYS DATE built-in funciion lo get current date and lime and slore il in variable say 
date variable. 

□ Extract the current time using date_var lable-TRUMCidate variable). 

You can perform other operations, such as comparing two dales, arithmetic operations on DAT-L 
variables. For example, sysdate+1 returns the same time for tomorrow. 

TIMESTAMP Datatype 

The TIMESTAMP data type extends DATE datatype and store day, month, year, hour, minute, 
and second. The seconds field can slore seconds in fractions. The general synlax of TIME STAMP 
datatype is as follows: 

TZffiSTAHP[{prec1 slorD] 

Whore precision is integer literal between 0 to 9 and specifies number of digits in fractional part 
of seconds field. Oracle initialization parameter ^ L S _T I ME5T AM P _ FO RM AT determines The 
default timestamp format. 

TIMESTAMP WITH TIME ZONE Datatype 

The TIMESTAMP WITH TIME:' ZONE datatype eitends TIMESTAMP datatype and also 
includes difference between local and Greenwich Mean Time time rones. The general syntax of 
this datatype is as follows: 

TINE STAMP [ fj) red S 1 0O) ] WITH TIME ZONE 

Where precision determines number of digits in fractional part of seconds field, Oracle 
initialization parameter N L s _T I ME5T AM P _T z_FORHAT determines the default timestamp with 
time zone format. Following are some examples of TIMESTAMP WITH TIME ZONE values: 
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In this example, time-zone displacement in (he rirst TIMESTAM? is +02:00. Second and third 
values are same but later specifics time zone by symbolic name, such as US/Pacific You can see 
symbolic names of other zones by executing following query on iSQL'Plus. 

SELECT - FROM VSTIWEZONE_JtAHE5 ; 

TIMESTAMP WITH LOCAL TIME ZONE Datatype 

The timestakp with local time ZONE data type extends timestak? dala type and 
includes lime zone displacement. Difference hoiween tikstam? with local time zone 
and tims-AMP with time zone is that value of I he tims tamp with time zone is not 
stored in a database column while value of TIM STAMP WITH LOCAL T^ME ^ONE is stored in 
the database lime zone and is automatically iiumiali/ed. 

We are explaining you normalization with ihe help of an example, f-or example, bead 
department of an organization would like to know about the number of orders placed yesterday 
in its different department. All departments are remotely located and thev have different time 
zones. Therefore, yesterday means different date and times in locations of other departments. If 
head of the department declares ORDER-DATE column of TIMESTAMP WITH LOCAL TIME 
20NE data type, then different dates and times ol placed orders are automatically converted 
(normalized) into time zone of the head of department. 

INTERVAL YEAR TO MONTH Datatype 

The INTERVAL YEAR TO MONTH datatype is used to store intervals in years and months. The 
general syntax of this data type is as follows: 

INTERVAL YEAR [(precision) j TO MONTH 

Where precision is an integer literal in range 0 to 4 and denotes the number of digits in years 
filed. See Listing 2.3 which shows the use of INTERVAL YEAR TO MONTH datatype. 
Lisling 2.3: Use of interval year to month datatype 



First assignment statement assigns an interval of 10 years and 1 month to a t Lineperiad 
variable. In second assignment statement, Oracle automatically converts character literal '10-1' 
to interval type. Third and fourth assignment statements change timoponod variable to 
contain interval of years and interval of months respectively. 

INTERVAL DAY TO SECOND Datatype 

The interval day to second datatype is used to store intervals m days r hnurs, minutes, 
and seconds. The general syntax of this data type is as follows: 
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INTERVAL OAY[(precisionl)] 
to SECOND[(prec1sion2)] 

Where precisionl and precision toll the number of digits in day and second fields 
respectively. Both precisionl and precision2 arc integer literals and can take values in 
the range 0 to 9. Listing 2.4 shows the use of INTERVAL DAY TO SECOND datatype, 
listing 2.4: Use of INTERVAL DAY TO SECOND datatype 



This example checks how much extra time an organization spent on a project. 

You are already well aware of values that day. month, and year can take. Table 2.1 lists all 

values that various fields under date, time, and interval types can take. 



-*712to9999|cannotb« 0) 


Any nonzero integer 




Otto 12 


Oto 11 





HOUR 


00 to 23 


Oto 23 




MINUTE 


00 to 59 


Oto 59 




SECOND 

T1MEZ0NE_H0UR 


00 to 59.9.. ..9 
-12.0 14 


Oto 59.9...9 
NA. 




1IME20NE MINUTE 
TZNAME 


00 to 59 

Column of vSTlMEZ0NE_NAMES 


MA 
NA 




TZABBREV 


Column of VST1MEZ0NE_NAMES 


NA 
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PL/SQL Subtypes 

PL/SQL subtype defines a range of values and a set of operations on variables of predefined 
PL/SQL datatype. These restrictions are defined on already existing PL/SQL type. Therefore, 
subtype is not any new data type and it is the one that is derived from existing PL/SQL data 
types. PL/SQL has also dclined some subtypes in STANDARD package. For example, 
CHARACTER and INTEGER data types in PL/SQL are defined as follows: 

SUBTYPE CHARACTER IS CHAR; 
SUBTYPE INTEGER IS NUMBER(38 .0) | 

From these definitions, CHARACTER Subtype Is the same as CHAR datatype but an INTEGER 
subty pe consists of only 38 digits. 

User defined data ty pes are also declared using following PL/SQL syntax: 

subtype subtypenarae is basetypef (const)] [not null]: 

Where subtypename is name of a new sub type, basetype is name of already existing 
PL/SQL type, and const specifies size of new sub type. Following example declares subtype 
named bdate that can lake null value. 

subtype bdate is date not null 

Let's now discuss syntactic elements of PL/SQL, such as delimiters, identifiers, and literals. 



Introducing Lexical Units 

You can choose characters out of alphabets (A...Z, a...z). numbers (0... 9), symbols (+-*/<>=! 
- A ; : .( ) ' % , " - S & _ | I 1 ? I K tabs, and spaces to write a PL/SQL program. The group of 
characters in a PL/SQL line of code is called lexical units. Lexical unit in PL/SQL may contain a 
single character or more than one character. A line of PI/SQL block can contain following 
lexical units: 

□ Delimiters 

□ Identifiers 

□ Literals 

a Comments 

Delimiters 

A delimiter is a symbol or a set of symbols that has predefined meaning in PL/SQL. For example, 
+ delimiter represents arithmetic operation and : = delimiter represents assignment operator. See 
Table 2.2 for delimiters containing only one symbol. 

Table 2.2: All one symbol delimiters 
Delimiter Name 
+ Addition operator 
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Identifiers 

An identifier is □ name given to constants, variables, exceptions, cursors, cursor variables, sub 
programs, and packages. This name should start with a letter thai may be followed by more 
letters, numbers, dollar signs, underscores, and number signs. The name of identifier cannot 
contain hyphen, sFashes, and spaces. The identifier can contain less than or equal to 30 
characters. Von can also use more than one dollar sign, underscores, and number signs. 
Some examples of identifiers are A, temp2, name!, time_limit, FirstHame, and R. Try to 
make identifiers descriptive and meaningful. For example, use variable name as percent instead 
of pet. Some non-examples of identifiers are time- limit, either lot. emp name, and isu. 

Reserved Words 

There exists a long list of identifiers in PL/SQL with each identifier having its specific syntactic 
meaning to PL/SQL. These identifiers are called reserved words. If you try To redefine (hem, then 
they cause compilation error. For example, BEGIN and END are reserved words indicating the 
heginning and end of block respectively. Here is an example which uses BEGIN word for the 
name of variable of DATE type. 



When you execute [his code snippet on iSQL'Plus console, an error occurs. 
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Predefined Identifiers 

Identifiers declared in the STANDARD package are tailed predefined identifiers but these 
identifiers can be redeclared. Redeclaration of identifier overrides The declaration of the same 
identifier in standard lockage. 

Quoted Identifiers 

PUSQL supports identifiers enclosed in double quotes. These identifiers used to contain a 
sequence of characters (excluding double quotesi (n be printed. Number of characters in double 
quotes cannot exceed 30. For example, "A+B" r Write a piogjcrr. to finci 

square root of number 

Literals 

Literal represent numeric, character, or Boolean value. It is not the name of any variable. 
Example of numeric literal is 135 and Boolean liieral is true. Literals are divided inro following 
categories: 

□ Numeric Literal 

□ Character Literal 

□ String Literal 

□ Boolean Literal 

□ Dateiime Literal 

Numeric Literal 

The numeric literals are used in arithmetic expressions. These literals are of iwn ty|>es-— integer 
and real. An integer literal is a number isign not compulsory) without decimal point. Examples of 
Integer literals are 025, 34,-67, and +34'iu. A real literal is a whole or a fractional number with 
decimal poinL The sign is not compulsory here also. Examples of real literals are 7.45657, 
0.0.-23.^7, .6. And 24.0. 

Scientific notations also contain some numeric literals, such as 3E5 or 3e5, 3. Ml 4e(), and 5e-!!. 
In These literals. E or e is TO and (he number after E or e is power of ten. To write a number using 
scientific notation, suffix (he number with an (E or ej followed by an optionally signed integer. 
Note that you cannot assign literal value to a variable greater than the upper limit of the 
variable's datatype. 

Character Literal 

A character literal h a singjp diameter enclosed in single quotes. This single character can be 
any character of PL/SQL character set. Examples of character literals are V, and ' {'. Note 
thai V literal is different from 'A'. 

String Literal 

A string literal is a sequence <» i haraclers enclosed m single quotes. Examples of 

string literals are 'ABC pvl. Ltd', 'SI 54.99', If you need to use character literals, such as I 'm ill, 
then add one more apostrophe before apostrophe within a string as shown hero — 'i "™ ill'. 
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Boolean Literal 

Boolean literal takes logical values, such as TRUE, FALSE, and rrjLL. The NULL liieral stands 
lor missing, unknown, or inapplicable value. 

Datetime Literal 

Datetime literals can have different types of dote Time values depending upon ihe data type. 
Lining l.S declares various types at datctrme literals. 
Lisling 2,5: Declaring different datetime literal* 



In this example, d is DATE literal, tsl is TlMSSTAMt* literal, ts2 is TIMLSTAMJ 3 WITH TIME 
zone literal, lyuiiil is interval literal specified in years and months, and idtsS is 
INTERVAL literal specified in days and seconds. 

Comments 

The PL/SQL compiler dries not compile comments in a PL/5QL program but this does not mean 
that developers should not add comments. Comments are user friendly and help in better 
understanding of PL/SQL program. PI/SQL supports two types of comments — single line 
communis and mulli lino tommc-nts 

Singta Lina C omnia nts 

Single line comments start with double hyphen f— ' and ends at (he end of line. Usually, they 
appear .tt ihe? end of PL/SQL ■iiaiements, i iafv h an example of singfe line comment. 



Two single line comment in this code snippet explain the meaning of interval literals iytml 
and idtsJ First com men r tells ihe user that iytirl ''feral stores interval of ten years and one 
month. Second tomment lells the user thai irh.E.2 1 1 e t_ r . 1 1 stores interval of time duration of 
around three ih) s live hours, three minutes, two and 1.000 seconds. 

You may use single line comments to comment out (or disable.1 any statement during testing or 
debugging nf program. 

Multi-line Comments 

Multi-line comment starts with !' symbol and ends with "A In between these symbols, there may 
he one or more than one lines which explain functionality 01 Ihe specific portion of PL/SQL 
program to user. Listing l.b is an example of multi-line comment. 
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Listing 2.6: An example of multi-line comment 
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The multi line commenneUs user about author and functionality of the procedure. With the help 
of mulli line comments, you can disable sections of code during debugging of PL/SQL program. 
Lefs now discuss how to declare variables and constants with restrictions and assigning 
DEFAULT values to them. 

Working with Declarations 

You can declare variables and constants which are used lo store values in any PL/SQL block, sub 
program, or package. Each declaration of variable specifies lis data type and name of storage 
space allocated by PL/SQL compiler. This name is further used ro access or manipulate it. 
Following example declares some variabfes and constants: 



This example declares inatchdate variable of DATE, type, noofmatches constant of 
INTEGER type, and :tianof match constant oi REAL type. Both constants are also initialized 
since the value of constant does not change during execution of Ihe program. 

Using DEFAULT Value 

Keyword DEFAULT is used in place of assignment operator to initialize variables that have some 
specific value For example, 



variables have some already predefined values. 

You may use DEFAULT keyword to initialize cursor and subprogram parameters and fields in a 
user-defined record. 



Constraint 

can impose constraints on a variable, such as variable can accept null value. If you assign 
null value 10 variable declared as NOT NULL, PL/SQL engine generates predefined 
v"ALUE_ERROP exception. You can declare a variable as not null as follows: 



37 



DECLARE 
ACCOUnt_NO LONG NOT 1 



This code snippet defines Account NO variable as NOT NULL. 

Using Aliases 

Aliases are used when the cursor is defined with the expressions. Aliases can also be used in the 
case when you are selecting some values from the database table and want to display the set of 
retrieved values through a single variable. That variable is known as alias. Listing 2.7 illustrates 
the use of alias in select statement. 
Listing 2.7: Use of alias 



Uihoboirc-crulWi geschiltiles BlkJ 



This example assigns alias full_r.ame to first_name || ' 'I I lastname expression. In 
loop, we are accessing f u 1 l_name from record having full names of first four employees. ■ 
Let's now move on to understand and use different types of operators available in PL/SQL. 

Introducing Operators 




Assignment operator (:=) in PL/SQL is used to assign a simple value or expression to a variable 
on its left side. Following example assigns value of expression to Quantity variable. 



Urtieberrechtirch rjeschutztes Bit) 



You can assign a value to a suitable variable in any section, such as declaration, execution, or 
exception. If you do not assign any value to a variable in declaration section, then it is assumed 
to store mull value. 

You can also assign a tunc lion call to variable so that variable will store the value when returned 
by function. Assignment operator is used to hold Dynamic SQL statements into a string variable. 
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The EXECUTE IMMEDIATE command lakes this siring variable and executes Ihe query. Here is 
an example: 



UrtiebeiracMilch geschutztes Bild 



Arithmetic Operators 

PL/SQL supports malhcmalical operators, such as addilion (+). sublraction (-). multiplication (■ ), 
division t/J to build and evaluate arithmetic expressions. Usually, multiplication and division 
have higher priority as compared to addilion and subtraction. Parentheses can change the order 
of evaluation of an expression. For example, when PL/5QL engine evaluates (10+61/2 expression, 
first addition is performed, then division is performed and the result is 8 nol 13. An arithmetic 
expression can contain nested parentheses in which deeply nested sub expression is evaluated 
first. For example. 1 0+16/2+15-3)1 generates 15. 

Logical Operators 

PL/SQL also supports logical operators, such as AMD, OR, and HOT to form logical expressions. 
The AND and OR operators are binary operators as they require two operands but MOT is a 
unary operator. Table 2.4 lists truth table for each logical operator. 



f AND, OH. and NOT logical operators 





B 


AANDB 


A ORB 


NOT A 




TRUE 


TRUE 


TRUE 


TRUE 


FALSE 






FALSE 


FALSE 


TRUE 


FALSE 




TRUE 


NUU 


NULL 


TRUE 


FALSE 




FALSE 


TRUE 


FALSE 


TRUE 


TflUE 




FALSE 


FALSE 


FALSE 


FALSE 


TRUE 




FALSE 


NULL 


FALSE 


NULL 


TRUE 




NULL 


TRUE 


NULL 


TRUE 


NULL 




NULL 




FALSE 


NULL 


NULL 








NULL 


NUU 


NULL 





If we see the truth table of each operator, we find thai AND returns TRUE value only if both pi 
ils operands are true, OR returns TRUE if any of its operands is Irue, and NOT operator returns 
Ihe logical negation of its operand. 
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Comparison Operators 

("iKiip.ui'iuri upeMtnrs are <jm'[] lo <omp H in L simple values or expressions. These operators .ire 
u^cd its condilion.il umtrol si a laments *irul WfEF.'rf 1 <. l.iusf n| SQ\ DM I. slrileinenls. Tdtole i?. 1 ! lisls 
all the. i-omparison operators. 

TaUe £-5: Comparison operator* 

Operator Purpose 

= Checks tvfietfujj Ha operands are equal, 

< 



> Check* whether left aida operand is greater thaa the right side 

operand r 

< = Checks whether left side operand b taut than di equal to the 

right aide operand. 

>= Chaclu whether left side operand it greater than or equal to 

the right side operand. 



IS NULL Operator 

The 11" KULL nper.ilnr is used lo cheiA whether its operand is null or nor. This operator re! urns 
■. if the operand null, otherwise falsz. 

IF var IS HULL THE^ 

Concatenation Operator 

Cunt ill [.'rial ion operator, denoted hv duuhle vertir.il ksrs i i i tonirilenates two siting of type, 
such .is ?:i?J<. VAFCHAP-. and -LO^. I~oi example, 
set serve routput on; 

BEGIN 

□ElMS.UUTPUr.PUT^LlNECl' | j 'You'); 

/ 

This ex.imple outputs string ' I V Data lype t)T oulpul siring depenrlv ufHJii datatypes of the 
operands. It C I -Ift E= is the d.i1ri l>pe of Imtli operands, (hen the outpul string obtained .liter 
concatenation will have CIIAF- data tvpe. It one of the operands li.i*; d-ila tvpe CLCB. then result 
will be oi jl-jb da l a tvpe If one of opE^inrk is 7ARCHAR1'. then result will be of VAT.C':AF£ 
dan l\pe. 

LIKE Operator 

I.7FF opera I or is used In t onipare single i har,u ter, string, or ."."B value to <i specified pattern. 
Case of characters matters during < omp.irison of string wilh a prill cm. If siring man lies tvilh the 
specified pattern, then LIKE operator returns lioolean TP"."-; otherwise, i| relums l-'ALBi.. 
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Patterns used with LIKE operator can include two important characters called wildcards — 
underscore ( ), percent sign (%}. The underscore ( } character checks whether [here is only one 
character present in the actual string between characters surrounding underscore [J in pattern. 
The percenl Sign 1%) dw.icltr find* whether zeru or more character* .ire present in actual siring. 
Here is an example: 

select * from eap where enane like 'T%N_R k ; 

This query results into following record: 

EMPNO ENiME JOB MGR HIRFDAT? SAL CONN OEPTHO 

7S44 TURNER SALSEHAN 7693 08-SEP-81 1500 0 30 

This rood already exbts fn tabte EMP, 

If actual string contains % or_ characters, then you need to define an escape character which is 
put before the % or _ in pattern. For example: 

if discount like *5D\Jfi off" escape 'V then -. 

There may be some real time entities in world that may have % or _ , such as marks, user ids, or 
email ids. 

Range Operator: BETWEEN 

The between operator checks whether value of the variable lies in a specified range. II returns 
TRUE in following cases: 

□ When value of variable equals to lower bound of range 

□ When value of variable is greater than lower bound and less than upper bound 

□ When value of variable equals upper bound 
Otherwise, it returns FALSE value. 

Let's use between operator. See the following query: 

SfllflCt * fr«1 emp WHERE SAL BETWEEN 3000 AND 5000; 

This query result fetches following records from table emp. 



list Operator IN 

The IN operator differs from BETWEEN operator as il specifies a set of members or values but 
BETWEEN operator only specifies lower and upper bounds. This set of values'can contain null 
values. This operator is used when the user knows all set of values and wants to retrieve rows of 
table corresponding to these values. For example. 
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select * from emp nliere etiame in ( H J0NE5 h . 'CLARK 1 , 1 FORD h ) : 
I his query fetches and display rous of err.p table having nr.no ./ON ELS, C'-hRy., and FORD. 



You hue underwood <i1l !vpes of operators, but there .ire some I'L/SQI expressions containing 
operators iioin dille,ren1 (.jlrgonev lo unders-tand evaluation of these expressions, von must be 
aware ot operator precedence ot all operators. Table 2.0 lists the Operators precedence. 



AND Logical AND 

OA Logical DR 

Now we des£ ribe vailou* *i1 1 r i but-e*. u-ed fn ^el inlorm.ition about dala 1V[H' and stiuclure oi 
database entities. 

Introducing Attributes 

PJ /5QI variable** and i ur-ors h.ne siand.ud attributes that *irt* used u> ,i< 1 ess the properties, sin li 
as- data type, structure oi" database lables. PL 'SQL s-uppoits two attributes. — 'N.TVr'F and 

'JliFOWTVPr. l:Jih h.lS .1 prt'lix %. 

tinnp the % TYPE Attribute 

Tlx' attribute is used to define variables with data type same as thai op database c ulumn 

buppo-e that there is ,i column named name in table cnp. To declare a variable nair.cl with 
data tvpe of name column, use £ Vv:-t: attribute .is follows. 

if database administralor changed the data tvpe ot name column, data type ot 'Mrr 1 variably 
wiN also change at run lime. 



42 



2: Dm-ntiek 



Attribute 

altribulc is used wilh records A record is compiled of a set of related fields 
each field has a dala value. The %S0W7YPE attribute declares n record type, which is 
as the row ol a specified (able. The declared record c.in also store ihe record fetched irom 

code snippel declares an emp_:er record wilh fields (hal have same names and da la 
as columns in EME> table: 



further access values of lields of record in some variable as following: 



we put all ihe operators for building HL/SQL expression*, 

PI/SQL Expressions 

of operalors, which aci upon operands .ind general? a result. An operand can 
constanl, lileral, or kmc I km call, which result inio a value. PL/SQ1. supports two 
of operators— unary and binary. Unary operators operate on only one operand and binary 
operate on two operands. All expressrons return only one value. The data type oi value 
upon daialypes ofuther operands dnd type of operalor. 
can use expressions in both SQL and proE'eduiiil statements. In most cases. Boolean 
are used. Boolean expressions are made up of simple or complex expressions, which 
comparisons using relational operators. Logical operators, such as a:jd. Ok r and :iot 
connect ihese Boolean expressions to build more complex enpre^sronv These expressions 
result into True, false, or ntjlz. value. 

SQL statements, Boolean expressions are firsi used to find a particular row of a table nnd the 
is executed on thai row. In procedural staiements, Boolean Expressions are used 10 
conditions of conditional control siatements, such as : ?-the:j. tf-t.-.en-f.l se. 
supports three types of Boolean expressions — arithmetic, character, and date. 



Arithmetic Expressions 

arithmellc expressions involve the quantitative comparisons of numbers. For example, 
miniL and nuiri2 are two integer variables assigned to integer values A5 and 2.5 
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This expression result; into TRUE value. 

Boolean Character Expressions 

Boolean character expressions involve comoarisons of character values. These 
performed on binary representa*,^.i u . i..^.. L..-.^. example. 



The expression in this example results into TRUE value. You can make 
based. This is done by setting WL5_COHP parameter to ANSI. These comparisons 
using collating sequences. A collating sequence represent characters in a character set 
numeric codes so that character strings can be compared- 

You can make other types of comparisons, such as case- in sensitive, accent-insensitive by 
changing the value of NLS_SORT parameter. If you want to perform case- insensitive 
comparison, append CI to end of initial value of nls_sort parameter, ff you want to 
perfonn accent-insensitive comparison, append to the end of initial value of NLS_SORT 
parameter. 

Boolean Date Expressions 

Boolean Date expressions involve chronological comparisons of dates. Chronological 
comparison of dates means ihc more recent dale would be considered as the larger one between 
Ewo dates. For example, consider two DATS variables dl and d2 In the following code snippet 



In this example, since d2 is more recent than dl, therefore d2 is greaier than dl which results 
(d2;>dl) expression into true value. 



Conversion between dltlerent types may happen II 11 makes sense. PL/SQL supports both impljcil 
and explicit conversion. Lei's handle Ihe conversion between different data types of PL/5QL 
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Datatypes conversion in PL/SQL 

There is a need of conversion from one data type io another so thai you can access and 
manipulate resultant variable. For example, binary rowtd is converted into character rowid by 
PUSQL engine so that user can easily underhand the location of a particular row. There are two 
types of conversions — Explicit conversion and ImpiicM conversion. 

Explicit Conversion 

To perform conversion from one data type lo anoiher data lype by user, PL/SQL provides built-in 
functions. For example, functions TO DATE and TO_NUMSEP are used lo convert CHAR value 
to a DATE and NUMBER value. Vou can study section Conversion Functions of Chaplor 3 of this 
book for all types of conversions. 

Implicit Conversion 

PL7SQL automatically converts one data type into another data type when conversion makes 
sense and is logical. Listing 2.8 shows a case of implicit conversion. 
Listing 2.8: Using implicil conversion 



This example first stores date value into charvarl variable of varchar? data type and assigns 
ihfs variable To datel variable of DAT£ data type. Then, it assigns date! variable to another 
chacvar2 variable of VARCHAR2 daia type. Both charvarl and charvac2 variables are 
displayed To see whether They store (he same value- 
When you execute Listing 2.G on iSQL'Plus, it shows ihe following output: 



The output shows both the variables containing same date 28-DEC-07. Implicit conversion may 
also happen when you store values into database columns. See Table 2.7 for all implicil 
conversions beiween different daia types lhat PL/SQL supports. 
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VARCHAR2 X X X X X X X X 



Table 2.7 lists all standard implicit conversions where cross sign(X) indicates conversion 
between corresjxonding data type (represented by row) into a data type (represented by column). 
Implicit conversion also depends on values that are stored in variables. For example, if you 
stored 'Monday' in CHAR variable. PL/SQL cannot convert it into DATE value. 

Summary 

In this chapter, we learned about: 

□ Block Structure of PL/SQL program, which consists of tour sections— block header, 
declaration, execution, and exception. 

□ Various different datatypes available in PL/SQL, such as Number, Character, Boolean, LOB, 
Date and Time, and sub types with (heir syntax and uses. 

□ Lexical units in the program, such as delimiters. Identifiers, Literals, and Comments. 

□ Different types of operators, such as assignment, arithmetic, logical, comparison, 
concatenation, LIKE, and IN. 

a Various PL/SQL Boolean expressions. 

3 How to handle conversion between different data types implicitly or explicitly. 
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Functions arc important pari of any programming language. A function is a block of code that 
rakes valuers, such as Siring, char, number, and date, as argument and gives the output 
according lo its Tunc Nona lily. Using functions in a program enhances the efficiency of the 
program: since you i an simply call (he required funt tiun insiead of writing ihe entire code to 
perform a specific operation For example, if you want lo calculate Ihe length of a string, instead 
of writing lone, programming code, you can only use the LENGTH function provided by PL/SQL 
FunUinns Can he divided in[<j two calegories. Built-in and custom or user-defined. Various 
programming languages, sudi as C and C++, support Built-in functions thai simplify the work of 
a programmer by reducing the code size. Similar to these programming languages, PL/SQL also 
supports Buill-m functions that can be used directly in a program for performing a specific task 
rather than writing a long code for that task. 

PL/SQL provides lots of Built-in functions to simplify the PL/5QL programming and provide better 
functionalitv. The Built-in functions hefp reduce the complexity of a program by reducing the 
size of program code and hiding the logic used lo perform any specific Task. For example, if you 
want tit converl an upper case string into a lower case siring, you need lo write the code for 
performing this conversion. This increases Ihe length of ihe program code and makes the 
program more complex lo manage. With PL/SQL Built-in funclions, vou can perform this same 
conversion b) calling the LO^ER function 

In this chapter, we describe various categories of Built-in functions provided by PL/SQL, which 
are: 

□ Character functions 

□ Dale functions 

□ Numeric functions 

□ Conversion functions 

□ LOB and Miscellaneous functions 

We wifl sludv all ihese funclion in detail nexl. Here we start our discussion wilh character 

functions- 
Character Functions 

Character functions retrieve information of a siring and modify its conient. For example, the 
ch-ir.uter fenr tions can he used to cak ulale the lenglh of string, convert upper £ ase letters to 
lowercase letters, replace a character or a sequence of characters of a string wilh another 
specified character, concatenate two slrrngs, and so on. 

Character functions accept CHAfc or VARCKARZ values as paramelers and return either a number 
or a character value. PL/SQL has various built-in character functions. Some important and 
widely-used character functions have been summarised in Table J r 1 , 

Tahlo 3.1: PI/SQl character hnctiont and their rifttcrfptiOfl 

Finction Description 

ASCII flauirm tta ASCII vita 

die Function. 
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After a brief description of some of rhe character luncLions. IcL's understand how ihcse tunc Lions 
wnrk Let's study -ill ihe fund Inns' given m Table 1.1 . 

ASCII Function 

The ASCII function accepls a character a parameter jncJ reiurns ihe ASCII value of ih.it 
rha racier You tan aKi> pass .1 siring .is .1 p.iranieler hul this fumtioii (jiily returns the Ar ; riT 
value of the very first character in ihe string. 
Syntax for iho A5CII funcLion is: 

A5CII C5ing"le_character) ; 
In this syntax: 

□ single character is Lhe specified chancier whose ASL'I 1 value has to be relrieved. 
I. i sling U demonstrates how ihe ASCI : function wurks L 
Listing 3.1: PL/SQL program Lt> use ASCII function 

5QL>5CT SERVEHOUTPUT ON 
PECLAftE 
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In Listing 3.1, we have declared a variable grad oJ the NUMBER datatype in the Declare 
section of the PL/SQL block. In [he Execution section, we have used SQL SELECT statement to 
retrieve the value of employee's GRADE horn the (able salgrade where H1SAL=300D. The 
retrieved value is stored in ihe gcad variable. 

Finally, we have passed the grad variable in [he ASCI I (unction 10 know ihe ASCIJ equivafent 
of the value stored in that variable. 
The output of Ltsling 3.1 is as follows: 
Output: 



The output 52 is the ASCII value of A. If the query executes successfully, then there appears a 
message PL/SQL procedure sjccessf ull y completed, as shown rn ihe output. 

LENGTH Function 

This function accepts d string as an argument. The string can have special characters as well. 
This function returns the length of a string specified as an argument. This function returns NULL 
rather Than zp.yc if you an empty string. 
Syntax for Ihe LENGTH function is: 

length (string-Value); 

In this syntax: 

□ string ualue is the string whose length has lo be calculated. 
See Listing 3.2 To understand how the LENGTH function works. 
Listing 3.2: PL/SQL program to use length function 



In Listing 3. 2, first of aH, we have declared a variable nam of datatype VAPCHAP2 in 
declare section of the PL/SQL block. Now. in the execution section we have used SQL 
query lo retrieve the EKAME (employee name) from the lablc EMP where EMPNO-7B44. 
retrieved value is stored in variable nam. Ne*t the varrable nam has been passed in the 
function to get the length of employee name stored in the variable nam, 
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The output of Listing 3.2 is as follows; 
Output: 

6 

PL/ SQL procedure successfully completed. 
In this output 6 shows the length of ihe employee name retrieved from ihe table EMF. 

INiTCAP Function 

The INITCAP function accepts a siring as an input and converts ihe first letter of every word in 
uppercase and res! of the words in lowercase letters. 
Syntax for the INITCA? function is: 

initcap CstMnB-value): 

In this syntax, string ualue is the string in which the first letier of each word has to he 
converted in uppercase and rest all in lowercase. 
Listing 3,3 shows how the INItCap function works. 
Listing 3.3: PL/SQL program (o use INITCAP function 



In Listing 3.3, first we have declared a variable nam of the varc^ar2 da (a type* After declaring 
Ihe variable, SQL SELECT statement has been used to fetch the employee name into the variable 
nam from Ihe table ehp where empnO = 7 316. At last , we have applied the itjitcap function 
on the variable nam. When we execute the code shown in Listing 3.3, the output we gel is as 
follows: 
Output: 

Adams 

PL/ SQL procedure successfully completed. 

In this output you can notice thai the first letter of the name is in uppercase and rest all are in 
lowercase letters. 

CONCAT Function 

The COHCAT function concatenates two strings passed as parameters, Thi* function appends the 
second string at the end of first string and then returns the resultant string. If any of the strings 
passed is NULL, il returns another siring as the result. It will return NULL if both the string passed 
are HULL, 
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Syntax for the CONCAT function is: 

cohcat {strlngLvlaue, string2_valuej; 

In This synta*: stcingl_valije is The siring lo which the scring2_value has to be 
appended. 

Listing 3.4 shows The PU5QL program lo demonstrate how this funclion works. 
Listing 3.4: PUSQL program to use CONCAT (unction 



In Listing 1A, we have declared two variables, nam and naiuL The naml variable has been 
initialized with the value 'Welcomes You', After declaring variables, employee name has been 
fetched into the nam variable (torn the EMP table, where employee number is equal to 7344. 
Finally, we have applied (he CONCAT function to add both the strings that are in variables nam 
and naml. 

*U 

Tte CONCAT furwfaaaflienifeihestifr^r ^| 

The output Listing 3 A is as follows: 
Output: 

turner we 1 codes you 

PL/SQL procedure successfully couple ted. 

In (he output, TURNER Welcomes You, the first string (TURNER) has been fetched from the 
table and the second one (Welcomes You) has been declared in the PL/SQL program. In this 
way, the CONCAT function combines the strings into one. 

LOWER and UPPER Functions 

Boih these functions accept a single character or a string as a parameter and convert it to 
lowercase or uppercase characters depending on the Junction being used. If you use the LOWER 
function, then alt uppercase characters wilf be converted into lowercase characters, and if you 
use the UPPER function then all lowercase characlers will be converted into uppercase 
characters. 
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Synlax for Ihe LOWER funclion is: 

lower Cchar_value or strlnp^value); 
SynlaK for Ihe UPPER funclion is: 

UPPER (char_va~lue or str1ng_value) ; 

In These syntaxes: 

□ char_value represents ihe single character whoso case has lo be changed 

□ string value represents (he complete siring passed to change the case. 
The following listing demonstrate how the LOWER and UPPER functions work. 
Listing 3.5: Using LOWER and UPPER (unctions 



In Listing 3.5, firs! we have declared two variables naro. and naml of Ihe VAPCHAR2 datatype. 
After declarihg all variables, we have used ihe SELECT slalemenT to fetch the DNAME 
(department name) into nam from Ihe labfe DEPT, where DEPTNO (departmenl number) is equal 
10 20. Then, we have applied Ihe LOWER funclion on Ihe siring stored in the naip variable, and 
used The SELECT statement lo fetch Ihe DNAME into varrable naml where DEPTNO is equal to 
50. AT lasi, we have applied ihe upper function on ihe string slorcd in Ihe naml variable. 
The output, when we execuie the program shown in Lining 3.5, appears as follows; 
Output: 



In Ihis outout, Ihe first oulpul (research) is in lowercase letters because of the LOWER function, 
whereas the second oulpul i human RESOURCE) is in uppercase letters, which is ihe result of ihe 
UPPER funclion. 

INSTH Function 

This function is used Id find Ihe position of a substring in the main siring. This function returns 
zero in case ihe substring is not present in the main string 
Syntax for Ihe TtJSTR function is: 

■ INSTR Cstringl_VB7ue, stn"ngZ_value, itarring_posit!on, nth_pre«nce) ; 
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In (his iynla\: 

u .-r.r i !-.■.■; 1 vi_i:c h the main string in which the. 1 position of [he substring has to hi.' lound. 

□ .u - ■ " .- i-, ihh' Mil>sinr)j> vUi^se posiliun has t<> be t,u( hed in (he main ^trui^ 

□ ;.- -]>-r : ]■ q c: - -.- irr. represents the position in main string from which the seardi has to 
be starled. It an optional Hr^urrient, li you don't 1 spec it\ the ..rt ■ r.g po.; : r i tile 
'e,ir< !> wi|! -btiiri from [he I j r^. t ( h,ira< lt j r nl lht j iii.iin siting. 

□ :,-.n_fj: c -■ r.-'- represents the nth position ot the substring m the m.iin string 
I i-s [ i r i j.* i.lt sho^s hm% Ihe I !'S I - hint tioii works. 

Listing J,f>: l f LSQL propram (o use INJ7R kmc (ion 



In f isiinj; ! h. lust ive have del lared ,1 variable uli: of the '.'A !<l\ data^ pe, and then we 
haw letdied ihe L " : (to part men r location^ into lhat variable irom I he (able where 

. I- ik Of jki.il ii> r'O 

\nw. T:i."T"' iiinc linn has been applied on Ihe ] i - variable three times kn three rc-suils^ 

□ li. tin - tirsi ins(an< r. tm\\ !^<> parameters — :he main string ond ^jhstnn^- -have- been passer! 
It vvjII show 1 he firsl ok urreru.e uf suhslrrnjJ m She mam string. 

J Set ondlv. we haw parsed 4 p.iramelerv. This lime uo hate added Hie position Ironi where .1 
sedirh im ihe KubstrirtjJ has la he started in ihe main string. Ik-re die ihird and laurth 
parameters an 1 i ,\ . which meting that the seardi has t(j be slarled Trom ihe first letter oi Ihe 
slnne. and up to the lirs; occurrence ot the substring in the main string. 

_J Al llnriS in-t.ir'c i I lie p.nariieler pass.nl ,ire same as the in set" o rid one elu ept th.it here we 
are seart hiim The ^ubMNrYu; dp Jo ils i'"' occurrence in the main string. 

Tlie riLdfuii ni I Muni i 'i i'. H is ictllnivs: 

Output: 

DALLAS 
£ 

PL/SQL 

In lhi L ouifiLti, \<ia <hiu ■-ee that (here *irt x four results. The firsl result, .ai '■■^ shows ihe 
department Irn^llriri. whir h ue use h ls llif in.nii slnnj; m this Iehk tion. Tfie sero^nrl resuN .'■ 
inrlil.iles (he I i L <H< inrenr e ot ihe 'so^lj^triri^i irl (he nlaiiri ^1111114. 1 he ihird result is s.htk 1 ,ls 
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3: 



Butlt-in Fnttctiotw 



the second one because of the fourth parameter duo io which the substring has been searched 
up to iB first occurrence. In the fourth result, the position returned by this function is !j, which 
represents (he second occurrence of 'A' in the mam string. 

functions 

arc used to trim the string entered as a parameter. The LTRIM function trims the 
string from the left side by removing the character specified as parameter in this function. The 
RTRIM function, on the other hand, trims the string from the right side. 
Syntax for the LTRIM function is: 

. . LTRltf (str1ng_valtie, str1ng_tr1m) ; 

Syntax for the RTRIM function is: 

, KTR1H (3triflQ_valtie» stMng^trlm] ; 

In both of the preceding syntaxes 

□ stcingvslue represents The main string, which has lobe trimmed. 

□ scring_trim specifies the string that will be removed from the left side or right side of the 
main string depending on the function you use. In both [he functions the second argument is 
optional and if you don't specify the second parameter then all leading (LTRIM function) or 
trailing (RTRtM function) spaces will be removed from the siring. 

The following listing shows how this fund ton works. 
Listing 3,7: Using LTRIM and RTRIM functions 



In Listing 3.7, first, we have declared four variables, nam, d_nam, namZ, and d naml. The 
variable nam has been initialized with a string having some [railing blank spaces while the 
variable nam2 has been initialized with a string, which has leading blank spaces. After this, the 
DNAME has been fetched into the d_nam and d_naml variables from the table DEFT where 
DEPTNO is equal to 50. At last, we have applied the LTRIM and RTRIM functions on the strings 
in different variables. 
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The output of Lisling 3.7 is as follows: 



The outpul of Lining 3.7 shows four results. In the first resull, you can see lhat all the trailing 
spaces have been removed from the string because of the LTRIM function, 
tn the ihird result you can see lhat all leading spaces have been removed by the RTRIM function, 
tn (he second resull, the department name human resource has been Irimmed from the left 
side because of the use of the LTRIM function; and the fourth result shows that ihe string human 
resource has been trimmed from the right side. 

REPLACE Function 

This function replaces all the occurrences of a substring with the replacement substring from the 
main string. This function is very useful when you need to search and replace a particular 
sequence of characters with any other sequence of characters, 
5yntax for the REPLACE (unction is: 

replace (str1rtg_value, str1nfj_value_rep, rep_string); 
In this syntax: 

□ £tring_value represents the main string. 

□ 5tnng_value_iep represents the siring Thai has lobe replaced in ihe main string, 

□ cep_scring represents the string with which replacement has To be made. If the parameter 
rep_string is nol specified ihen This, function simply removes the string_value_rep 
character sequence from the main string. 

Listing 3.B shows how Ihe REPLACE function works: 
Listing 3,8: PL/SQL program louse PF PLACE funrlion 



In Usiing T,fl, we have declared a variable pUc cif the VARCHAR2 datatype lo siore the LOC 
docaiion} of ihe department feiched from ihe latile d~pt where DEFTHO is equal To 30. After 
declaring these variables, we have used the SELECT statement to fetch Ihe LOC, and finally we 
have applied the REPLACE function on Ihe string feiched from the table. 
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The output of Listing 3.8 h ,15 fallows: 
Output: 

CHICZGO 

pl/Sql procedure successfully completed. 

In the output of Listing 3,6, you can sec that A' in Chicago has been replaced by '?/ and ihe 
output become* chiczGQ. Chicago is ihe employee location thai has been fetched from ihe 
emf table. 

SUBSTR function 

The SUBSTR function fetches the substring from the main string. This function is the most 
widely used function m PL/SQL, 
Syntax for the SUBSTR function is. 

SUBSTR (string_value. start_pos, len_substr) ; 
In this syntax: 

□ 5trinq_value represents the main string in which a substring has to be searched. 

□ startjjos represents the posirion in ihe main string from which the substring has lo be 
exiracied, 

□ len substr represent the number of ihe characters 10 be letched from ihe main string. 
The len„substr option is optional; if vou don't specify it, ihis funclion returns Ihe whole 
string from the parting position of ihe whole siring. 



Listing 3.9 shows how this function works. 

Listing 3.9: PUSQL program lo use SUBS! K funclion 



In Listing 3,9 H we have declared a variable nan of the VARCHAR2 datatype, and then the ewame 
(employee name} has been feiched into thai variable from ihe lable emf where empho-78 <3 4. Ai 
last, we have used ihe substr funclion on the feiched siring. 
The output of Listing 3,9 is as follows: 
Output: 

URNE 

PL/SOL procedure successfully completed. 
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The siring fetched from the table is TURNER, and according to ihe parameters passed in the 
function, it has to retrieve a substring starting from the position number 2 to 4 in Ihe main string. 
In the output. URNE, characters U and E arc the second and fourth position characters, 
respectively, of the string TURNER. 

TRANSLATE Function 

The translate function replaces a single character at a time. This function replaces a 
character set in a string with another set of characters. For example, if there are two character 
strings 1 23 and 456. this function will replace the 1 with 4, 2 with 5 and so on. 
Syntax for the TRANSLATE function is: 



In this syntax: 

□ string_value shows the main string in which the character has to lie searched and 
replaced. 

□ string_value_rep represents the string which has to be searched in string_value. 

□ rep_string represents Ihe string with which the corresponding character of 
string_value_rep will be replaced. 

Listing 3,10 shows how this function works. 
Listing 3.10: Using TRANSLATE function 
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The output of Listing 3.1 0 is as follows: 




The string fetched from the table is SALESMAN. The strings passed in this function as parameters 
are 'SLN' and ' 1BY' . You can see in the output that 3 has been replaced by 1, L with a, and N 
with Y and we get Ihe resultant siring as 1 ABE 1 MAY. 

With this, we have completed discussion on the most commonly used character functions 
available in PL/SQL. Now, we continue our discussion with Date functions. 
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Chapter .1: Understanding PUSQL Built-in Functions 



Date Functions 

The date functions allow you to manipulate dates. Suppose, you want to know the number of 
months between any two given dates or need to convert a dale siring in to a valid elate format 
according to your requirement Ihen you must have to write a program for achieving the required 
results. 

PL/SQL has made these operations simple with the help of built-in date functions. PL'SQL Built- 
in date functions accept date as a parameter and return a date or number as a result. PL/SQL 
provides various built-in date functions that help manage date/time for a database. Table 3.2 
shows some important date functions. 



Function 


Description 







Table 3.2 presents some important date functions. Let's continue our discussion by explaining all 
these functions in detail. 

TO_DATE Function 

The TO_DATE function accepts a string and a format parameter as arguments and converts the 
string into date according to the formal parameter. 
Syntax for the TO-DATE function is: 

TO_OATE Cstring_value-, -fomutjiara'); 
In this syntax: 

□ s t r i ng_va 1 ue shows the string lhat needs to be converted into a date. 

□ Format_para represents the format parameter according to which the string _value 
will be converted into a dale. The following table (Table 3.3) shows some of the formal 
parameters. These parameters can be used in various combinations lo gel Ilie desired result. 



59 



Urheberrechtlich geschutzles Material 



TaWe 3,3: Itiipurtani Format Parameters 
Parftmelct Description 



YYYY Raprpspriis all fl-digrts of tiio ysarin rhg resultant date. 

YV Represents last 2-digit of The year in the resultant dais. 

MM Represents the mouth in numeric form. Far eitaaipfo Jan as D1. 

MCN Represents the month in abb covinled farm. Fpr axamptej July m Jii- 

DD Represents the day. 



[.Mini; i I I sl>f>w» how llic .' . !_-]■■' iLEritlion t.o>k-: 
Listing 3. 11: I'L'SQL pro;;r,irn lo lih' . ■. rmttLOJi 

SQLi5ET SERVERQUTPUT GN 
DECLARE 

BFCIh 

DH.«E_OKTPUT . PUT_L I N E (TO_DflTE ( f>_djt , 
END; 

/ 

In ] kumj 5.11. i hi" v^ri.iljlt- •. .■ , ■ m (h<j 1 : .; rUuu\ po kis ho^n (IcLLircd. li is iht'n 
mili,j|i/rf[ wiih llii' '.inntf 1 \\ \c- i A lln 1 . kmc ric >n h.is hf t-n ,i|>plmcl cm ih is 

l{lllrlElk' r 

Tho oulfiut or LNinn \ 1 I ^ lullo,. 
Output: 

15-DEC-fl& 

PL /SOL procedure success full y completed. 
In rhr i >r*"i !'(liii|> [jliI|hji. vm i ,iri M'r 1li.il llii' f LiEV kimd.iE in rhr \\h'd ^rin^ h,is c li.ingi'il 

TO_ CHAR Function 

This M lift ion ,>n rpk .1 numbiT or ,l il \\\- ,i!un^ wMli rhr rorni.il p.ir.irrHri *ir>< I \ nnvcfh il in ,i 
siring ,in ordirib; 1" flic liirm.il p.iroiiu'lrr vp^nlii'il .1^ .in ,Lrj;iinicnt. 
Svnl.ix Un tin' " film lion i' 

T0_CHAR (v-lli, 'forrn0t_Darn' ) , 

In ihis s\nUi\: 

J ' '- : '. rvprrsrrUK i-uIk'J I In- niiniln i m I In - iJ.in- . ,>if i ie- 

□ : " fi.ir j rf|jR'SL' ^ si itv ni.ii p,ir,ini^H'r .lcairdmi; to \sIik1i v.ill will hu converted 

into ,i string. 
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See ihe following listing to understand how (he TO CHAR function works. 
Listing 3.1 2i PL/SQL program to use TO _CHftR function 



In Listing 3.12, a variable dat of the DATE datatype and did of NUMBER datatype have been 
declared. The variable datl has been initialized with some numbers. Then EOJ (employee's 
date of joining) has been fetched inlo ihe variable dat from ihe rotate EMPLOYEE, where 
E_NQ»7B40 J Finally, we have used [he to chap function |i> convert ihe dale and number 
values into a siring according lo Ihe specified formal passed as a second parameter in ihis 
function. 

The oulpul of Li sling 3.1 2 is as follows: 
Output: 



In the preceding output, you can see three results. The first results shows the date fetched from 
Ihe EMPLOYEE table, the second rcsull shows Ihe dale converted inlo a siring, and Ihe third 
result shows the number that has been convened inlo [he string. 

ADDJ/IONTHS Function 

This function returns a new date wirh ihe specified numliei' of months added lo the dale 
specified as input parameter. This function accepts date and a number as parameters. 
Syntax for the add_mohths function is: 

ADDJVNTHS Cvsl, ruori); 

In this syntax: 

□ val shows ihe date whose month has [o be modified. 

□ n_mon represents the number that has to be added in the month of the val. 
The following listing shows how this function works. 
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Listing 3.13; I'L/SQL program to uw fiDD_MOtiTKS function 



I 

i 

I 



In Listing 3.1 3, firsi we have declared a variable dat of the DA"E datatype, and rhen EOJ has 
been fetched in to the dat variable from the table EMPLOYER, where E_NO=7R4?. At last, we 
have applied the add_months funciion on the date fetched from rbe table. 
The output of Listing i.l i is as follows: 
Output: 



The first resuh in ihe oulpul of Listing 1.11 is ihe date fetched from the lahle, and ibe second 
result is the outcome of the ADD MONTEiS function. According lo its functionality lour months 
hnvc been added lo the date fetched from the lable because Ihe second paramclcr passed in this 
function was 4. 

MONTHS_ BETWEEN Function 

The t43NrH3_B£TWEc:N funciion compares two dales passed as parameters and returns The 
numtaer r>f monlhs helween [lit- s[H?cifieil dales. 
Syntax for ihe MDHTHS_3ETW£EN funciion is: 

«onihs_detveen (vail, val2) ; 

In ihe syntax lor [he M3HTHS between function, the vail parameter represents Ihe first dale and 
the val2 represents the second date. See Lisling 1,1-3 lo undersland its working: 
Listing 3.14: PL/SQL program lo use MONTHS BETWEEN function 
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In Listing 3.14, the variables dat and datl of the DATE datatype has been declared; then we 
have fetched D3J (employees date of joining) into the variables dat and datl from the table 
employee, where e_no is equal to 1840 and 1644 for the two variables respectively. At last, 
we have displayed the dales (etched from the table into those variables, followed by the dates 
passed as parameters into the MDHTHS between function. 
The output of Listing 3.14 is as follows: 
Output: 



In the preceding output, the first two values show (he dates retrieved from the table and the third 
value shows the difference of the months between two dales retrieved from the table. 

IAST_ DAY Function 

This function accepts a dote as a parameter and returns [he last day of the month on the basis 
that parameter. 

Syntax for the LAST_DAY function is: 

LASTJWr CvalJ; 
In This syntax: 

□ val represenls the date value from which the lasi day of .1 month will be fetched. 
Listing 3.15 shows how the last day fund ion works. 
Listing 3.15: PL3QL program to use LASr_DAY fiinclion 



In Listing 3.1 5, first we have declared a variable dat of the DATE datatype, and then, we have 
felched DO J (Date Of loining) inlo lhat variable from the table EMPLOYEE, where E_NO=TB44. 
At last, we have passed the dat as parameter rn the LAST DAY function to know the last day of 
the month. 

The output of Listing 3.15 is as follows; 
Output: 
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In [he (firii'iiitig (njIpLiN Jilt- fii^l result shows ihe dale rotno\ed Hum the \,\\r\i- and the si'i utid 
result shows Ihe dale on the List da> el that month, that is 3 1 . 

NEXT^DAY Function 

this tiinclion returns Ihc nctf ctov in (he date to [ho day specified in the date string- 'hi?, funciiun 
accepts, a cljff „md the weekd.iy as parameters. 

Syndic lor (he UnX :'_JAY runction is: 

nexT_Day tval, w_day); 
In the preceding syntix: 

□ . represents the dale 'liing uliosf day value h.is (n be changed 
u w Jjy represents, the weekdays iSunctat' to Saturday 
Listing i. ] U shows how I he \F.;<T_r.AY lundion works. 
Listing J. It: PL/ SQL pm^r.irn r<j uvu :i^X':" DAY funtNun 



In Listing 5. hrst we have. di.'i lared a i (triable .'. i- of the datatype th.it has been used |o 

sroro rho date i ore hod from tho rahlo employee, where E ■ Now the dare ibiched tnio 
tins v,i ruble would he displayed, on which the Nr*">.T_:^Y rune I inn will be applied. 
Tin* output <>1 Listing !.Uj is .is follows: 
Output: 

15 -AUG- 07 
13 -AUG -07 

pl/sql procedure 

In Ihe preceding output, you can see the eta to on which the next Saturday i second ar^un-iono will 
fn 1 1 _ 

SYSTIMESTAMP Function 

Thib lunction relums Hie lime including Iranians of ser onds and lime /une according to )our 
local database 

SvnU\ for ihe r . .-v\ i k- turv imn is: 

Sr5TIHE5TAHP; 
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Listing 3.1 7: PL/SQL program to use SYSTIHESTAKP (unction 



The output of Listing 3.1 7 is as follows: 
Output: 



With this we complete discussion on most commonly used date functions. Let's continue our 
discussion by explaining numeric functions. 

Numeric Functions 

Numeric functions help you perform mathematical calculations, such as the tolal Safety °* 
employees, and counting Ihe number of records in a database. These funclions accept a number 
as a parameter and relurn a number as the output. PL/SQL provides many built-in numeric 
functions some of which have been explained in Table 3.4. 



Table 3.4: Numeric func 






Function 


Description 




MS 


Return* the absolute value ol a number. 





Urhetarechlllch oeschutzles BIB 
Urhebeireehllich geschiitztes Blld 



Urbebartc-chluch geschuCtcs Blld 
Urheberrechtlich geschutztes Bud 



Used tor 



Urheberrochlllch geschulites Hilt) 
Urheborrechtllch geschiitttes Blld 

Urheberrechtlich geschutztos Blld 



Urhebancchlfch geschutztes Blu 
Return, binder. t on. numb., divided by USSS iSSS. 



Uihobertechillr.h gischuUleS MalBtial 



Function Description 

COUNT Returns the number of rows in a tools on ths basis of a query. 

SUM Calculates the sum of all the values In an expression 

SIGN Used to know the sign of e number. 

Table 1.4 gives .1 brief description about some of llie imporlanl numeric functions. Let's study 
them in detail. 

ABS Function 

The ABS function accepts .1 single number as a parameter and returns ils absolute value. For 
example, if you want to know the absolute value of • 1 5.45, then this function will relurn 1 5.45. 
Syntax for Ihe ABS function is: 

ABS (vail; 
In this syntax: 

□ v., 1 represents Ihe number whose absolule value has lo lie calculated. 
The following listing shows how the ABS function works. 
Listing 3.I8:PI/SQI program lo use ABS function 



Urheberrochtlir.h gesehutztos BilO 

In Listing 1.18, we have passed one positive integer value and one negative integer value in the 
ABS function. 

The output of Listing 3.18 is as follows: 
Output: 

UmetxwecMilch geschutzles Brld 

CEIL and FLOOR Functions 

The CEIL function returns the smallest integer value greater than or equal to the value specified 
as a parameter; and the FLOOR function returns the largest integer value less than or equal to the 
value specified as a parameter. Both, ihe CEIL and FLOOR, functions accept a single parameter 
of Ihe number datatype and work in ihe same manner. 
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Syntax for the CE I L function is: 
CEIL Cval); 

Syntax for the FLOOR function is: 

fioor (val); 

Ln both syntaxes, val represents the number parameter. 
Listing 3.19 demonstrates how these functions work. 
Listing 3.19: Using ceil and floor functions 



The output of Listing 3.19 is as follows: 
Output: 



POWER Function 

This function takes two values as parameters — a base number and the other number as the 
power to the base number. The poker function returns the base value after calculating its power 
according to the other argument passed in this function. 
Syntax for the POWER function is: 

POWER (b_nun, p_iimO; 
In this syntax: 

□ b_num represents the base number. 

a p num represents the power number with which the base number has to be powered. 
Listing 3.20 shows how the power function works. 
Listing 3.20: PL/SQL program to use POWER function 
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Thi! rmtpur ai I idling '* JO .i^ li>lluws 
Outpul: 



100O 

9M4. 36543 
PL/SQL procedure 

ROUND Function 

The ro\::d tunciion aii.ep:s eithrr one i jr two parameter 1 ;, first parameter 11 compulsory .inri is 
the number whose value Hj^ to be rounded by ionic sped he decimal points, specified as the 
second p.ira meler. 
Svn'a* for die function is 

ROUND (r_njm, d„num); 
In this syntax: 

□ r _n _:n represent the number whit h to he rtmnileil Tim parame ler k t tiiiipukftry. 

□ ;1 n„r" represents ihe tJ-cc . i 1 jil.it es .in urdinjj lo wlm h - _-<i.~\ will lie rtmndnJ. It is an 
optional parameter, and if on don't E-pt- l ify ihK p.irn meter, then the r.-UM" 1 function deletes 
ihe ruiriil.ers .lIIit dn ini.il poini and r< "kirns ihe output. 

Listing t. J I j»h( tw^ how tin 1 TO". N" turii. lion uorkv 
Listing 1.21: PI /SQi projjr.iru to in- -"0 .M; tent Mem 



The oulpul oi l.Niny, '- ?1 is a^ frtllnvvs 
Output: 
16 

PL /SQL Dnxedure 

In the pre' edlrijj; tnjlpul, lliere art 1 hvo results slmv^ .. In ihe fir result .ill llie nu in hers .liter 
decimal h<ne been removed In-tau^e ui- ha\e nol ^pet tried llie ^etond para n l ej re i; and 
therefore, it has deified numbers .Uler llie det imal. 

In ihe ■-fi iifid result, there are ouh ihree number*, after ihe decimal jiojnt; il i* bec.uise the 
fum lion h,^ retained the numbeis up lt> ihird pl.it e alter dei im.il, a*, spei ifiE'd in the m>i ond 
parameter. 

SORT Function 

The Z',v--: function accepts a number value as a parameter ,ind relurns it^ value afler dointi 
Mju.ire niol ol the value pawd a** the p H n,tmfifr. 
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This Enttfon nwcr accepts a negatiw value. 

Syrian for ihe 5QRT function is: 

5QRTC sjiunO; 
In This syntax: 

□ s_num is Ihe number value whose square root has lo be calculated. This number value 

should be zero or any positive number 
See ihe Listing 3.22 lo understand how It works. 
Listing 3.22: PUSQL program lo use SQRT funclion 



The output of Listing 3.22 is as follows: 
Output: 



MOD Function 

The MDD function accepls two parameters — Ihe first number as a dividend and the second 
number as Ihe divisor. This funclion Ihon performs calculation on Ihe values passed as 
parameters and returns Ihe remainder as The result. 
Syntax for Ihe MOD function is: 
HOD (LLnunl, d_nun2); 
In this syntax: 

□ d_numl represents the dividend. 

□ d_num2 represent ihe divisor 
Listing 3.23 shows how Ihis hint: lion wurta. 
Listing 3.23: PL/SQL program lo use MOD funclion 
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The output r>l I istmjj 1.2 I ]■- cis follows: 
Output: 
1 

pl/5Ql procedure 

COUNT Function 

Tbii tunc I ion helps you calculate the lotal number of rows, ui <« table based on ;i particular query 
For evimple. if vou \\-i\W 1c> know ihe tol.il number ot employees in .1 table or the number oJ 
employees having salary mine than irj.OUO. I hen (his function can be used tor removing the 
results easily. 

Syni.ix lor ihe r - Junciion W. 

SELECT COUHT (co1_namg or *) FROM tab_nane VrtlERE condition; 
[ri tins Syntax: 

□ COU'jT (ro : _mr ■■• or ~ i is ihe method with _ndn^ as its argument. The cul _r.drr.fc 
represents the column name in which the counl of the toUil number ol rows filled with some 
values has to be found out. This t unction docs nol count a. blank row The ' can be used 
when vou want to calculate the total number oi rows in the i.ible with almost one nlled i;n\r\ 
in even' row. 

Toku a case lor example: All the cmploveos in an organization have been asked lo submit their 
cell phone numbers bv u^ing thi'ir online .mounts, unul specified date. Alter ihe specif red dale, 
[Jie 1 1R department wants to know ihe number of employees I hat have given there cell phone 
numbers. In th.it case, you have to specif the column name 'in bracket of LOUH" lunctioni 
representing the cell number in the table-. This function (hen counts the number of rows hiving 
cell phone numbers arid returns ihe value. 

□ r. 1 -i _r . :i :r e represent ihe lable name. 

Zl Condition represents a specific value on (be basis of which the countrnft will be done. 

See J istinj^ 1 24 io underhand ihis funi Mori 

Listing 3.24: f'LSQL program to use CC'.iV." function 



In I idling 1.24-, we h;ive used " wilh the r ount lunelinn lo retrieve the [jjI.iI number ol employees 
in the uble CMP. 



output of Listing 3.24 is as follows: 



3: 



Buill-m Functions 



Function 

SUM function allows you [o got the sum of the values specified in the expression as a 
Syntax of this function is almost same as the Count function except that here * doe* 

work. 

Syntax for the SUM function is: 

SELECT SUM (co'Lirae) from tatuiane tiHERE condition; 

In this syntax: 

□ SUM (col_name) specifies the column name (col name as shown in bracket) whose 
row's sum you have (o calculate. 

□ tab_najne represents the table name. 

□ condition specifies a specific value on the basis of which the sum will be calculated. 
For example, if you want to calculate the sum of salaries of Those employees who receive 
lO.unOas salary, then you can specify this condition with WHERE clause. 

Listing 3.25 shows the working of the Sum function. 
3.25: PL/SQL program to use SUM function 



In Listing 3.25, we have used the SAL (employee salary) column name with the SUM function to 
the total salary of [he employees in the fable EM?, 
output of Listing 3.25 is as follows: 



Function 

SIGN function accepts a number value as a parameter and returns its sign. For example, it 
returns 1 if the number is more than zero; returns zero, if the number is equal to zero; and 
returns -1, if the number is less lhan zero. 
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Syntax ior the SIGN function is: 

SIGN (val); 
In this syntax, val represents the number value. 
Listing 3.26 shows how this (unction works. 
Listing 3.26: ft/SQL program to use SIGN function 



Umabqrrechtlich goschurzles Bia 



In the Listing 3.26. first we have declared a variable e sign of the NUM3ER datatype, which has 
been used to store the E_SAL (employee salary) column fetched from the table EMPLOYEE, 
where EJJO-TB44, We have then passed the employee salary retrieved from the table into the 
SIGN function. At last, we have passed a negative value in this function to check the result. 
The output of Listing 3.26 is as follows: 
Output: 

Urhelxttrochtllcn gejchuLtles Bib 

By this we have finished discussion on numeric functions. Now, we continue our discussion 
with conversion functions. 

Conversion Functions 

The conversion (unc lions are very important feature of a programming language. These functions 
are used to convert one datatype into another datatype.PIVSQL provides lots of conversion 
functions that can be used explicitly in a PL/SQL program. PL/SQL also performs implicit 
conversions when you do not perlorm conversion explicitly. You should perform explicit 
conversions, wherever possible, lo gel the desired output, because somelimes implicit 
conversion does not give the desired output. Table 3.5 shows some important conversion 
functions. 





Function 


Description 




CONVERT 


N convoris a string from oris characti 


ir sgi 10 anoiner cnaracier in. 


TO.NUMBER 


It converts a string to a number. 
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The convert function can accept 2 or 3 parameters, a string value, new character format, and 
old character format. The third parameter is optional. If the third parameter is not specified than 
this function uses the default character set. 

Syntax for the CONVERT function is: 

ccwvr tval, rucharset, o_charset); 

In this syntax 

□ val represents the string value which has to converted from one character set to another 
character set. 

□ n_charsee represents the character set in which the string value has to be converted. 

Q o_charset represents the character set of the val string value. This is an optional 
parameter. Table 3.6 shows of the character sets. 









Character art 




Description 




US7 ASCII 


US 7 Bit ASCII character let 


9HMHNE 


EL8GCOS7 


GrcekaBi, Characters* 




WE80EC 


West European 8 Bit Character Set 


im. 


Universal Character Set 




WE8HP 


West European 8 hit HP Laser jet Character set 




NE8IS03B59P10 


North European ISO 8853-10 Character set 




WE8PC850 




West European IBM PC code page-SOO a Bft Character set. 


EE8IS08859P2 




West European ISO 8859-1 8 Bit Character set 
East European ISO 8859-2 Character set 


mm 



Listing 3.27 shows how the CONVERSION function works. 
Listing 3.27: PL/SQL program to use CONVERT function 



Urneterrechlficri geschMzles BHd 
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END; 

/ 

In Listing 1.17. Ihe variables vc;, and cc: 1 ot the VARCHA:"\2 rLit.iIvpe h.i\c been declared. The 
v.in.jhk" con 1 li.u been nuli.ili./ed with ,\ siring .md then ihe RNM'SF: lempbvee name} has been 
r^l[Li'\t'£l irllo (he v.inobte c": frurn ihe table ;-.K]'. where KM^N-iJ ="" J-iCi. 

Alter hectoring v,iri H ible? .ind retrieving the fNAKE. we have used (he CONVERT function to 
et invert ihe i lur.it fer set ui v^flui.' p.assed f j.ir.imE'I'T'r with the new t h.iMcter set 
The nulpLM of Lislinij, 1 1? as follow,: 
Output; 



In this oulpul, yon i.m see I wo result 1 ., lirst result s!im\s the einplnvee n.niie llut III*, turn 
felehed from the dal.ih.iM.* but iJ i.ime in ihe dalabase. FmpJovve nani'.- has nol been 
concerted because Ihe default < hauc tef set riJ,ij iolltnv ihe ^inie ^invention as the ch.ir.ii.ter set 
specified as pom meter. 

Seiiind resu]l Ii.k been < lumped act ordmi; In ihe new < h.inu ler set passed as third pHiameler 

TO_NUMBER Function 

The TO t; 'J " iiini Krjn a< ( epts ,i string ,mrl ,i [<mn.il uinordirtg 1i> uliic h ihe siring b.is to he 
([inverted in ,n numhen ai ."i pam meter and returns a number value equivalent to the entered 
siring. 

Svnl^s lor ! ■ j _M U r< h" function is: 

TO_NUWBEH Cval , ^format); 
In ibis s.\ nl.ix: 

□ - .,1 represents the siring that ha*. \o eon veiled in to number 

U i : ^ " r i _-j l represent ;he torm.it according to which the string will l>o converted in lu 
number 

The i'oHottinfi listing show* hou the 10 Nuyrir:- ruiicttun uorta. 
Usling 1-2R: PI 'SQL program io use "K>_nh Mr. iLinction 
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In Listing 3.28, the variables con and conl of the VARCHAR2 datatype have been declared. The 

variable con 1 has been initialized with a siring. Then the HIREDATE has been retrieved into 

the variable con from the table BUS, where EM?NO=T900. Finally Ihe TO_NUMBER function lias 

been used on those values. 

The output of Listing 3.28 is as follows: 

Output: 



LOB Functions 

Sometimes, you may require to store files, such as image files, video files, of very large size, in 
the database. Now the question arises how you can store such a large file in Ihe database table?. 

ovides you with the function called LOB that allows you to store files up to size of JCB 
""s, one is LOB locator and another is LOB value. 
A database table stores the LOB locator which is in fact a pointer to the actual location on LOB 





Function 




Description 






BFIIENAME 




Initializes BFILE large object col 


umnintbe database table. 




EMPTY_BLOB 
HMPTV.CLOB 


El M 


Returns empty locator or BLOB t 
— — — ■ 


ype. 
VPe. 





Let's study these LOB functions in detail. 

BFILE NAME Function 

The BFI LENAKE function is used to initialize the column of large object type in a database table 
to point an external file or it relurns the BFILE locator for the LOB binary file. This function 
accepts two values as parameters namely, the director)' name and the file name. 
Syntax for the BFILENAME function is: 
B filename (dir_name, f_name); 
In this syntax: 

□ dir name represents a DIRECTORY object that serves as an alias and stores Ihe location of 
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□ f nanie represents (he file name Ihal contains the large object. 

See The following example to understand how ^filename function works: 

Before using directory alias in (he BFILEKAME funciion, you must henjrr Ihal (he diretUiry alias 

e*ist, or you need to create ii betore using it. To creaie a directory alios, you must have DBA 

privileges. So to create directory alias login as 5YSDBA and rhen follow (he syntax given here: 

CREATE DIRECTORY 'name' AS 'location'; 

In this syntax, [he name parameter represents the directory alias name or the object name and 
the location shows the path where the large object binary files will be stored. Let's sec how to 
create and use directory alias with BFILENAME (unction: 

Creating a Directory 

5QL> CREATE DIRECTORY pit AS 1 E : \pi Cturp 1 ; 

In the preceding statement, we have replaced the atinhutes name and locaiion with pic and 
E:\picture respeclively. After specifying the name and location, press the ENTER key. You 
will see The following result. 
Result: 

Directory created. 

Now, see the Listing 3.29 to use this directory alias with BFI1ENAME function. 
Listing 3.29: Using bfilename function 



In ihe Lisiing 3.2V, first we havtr declared and iniliali;ed ,i variable pic- of datatype EFILz;, 

After that ihe INSERT slatement has been used lo add the employee pklur<? in ihe table 

EMPLOYEE, At last, we have used update statement to change the cmpEoyee's existing picture 

with the new picture. 

The output of Listing 3.29 is as follows: 

Output: 

PL/ SQL procedure successfully completed. 

EMPTY_BLOB andEMPTY_ CLQB Functions 

These functions initialize a BLOB and a CL03 column in ihe database table to "empty" Column 
in the table with 3LOB or CLOB datatype can not be set as NULL. It must contajn a locaior thai 
might point to emply or filled LOB. Before you start working with B10B or CLQB, either to assign 
it a value in PL/SQL program or to use with SQL INSERT and 'J P DATE statements, set BLOB or 
CLQB column io "empty". 
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Besides initializing BLOB or ClOB, these functions also return empty locator ol type blob and 
CLQB respectively. Bath of these functions can be used with empty pair or parentheses or 
without parentheses. 
Syntax for the EMPTY_BLOB function is: 

ehptyjlob or mnyjLOB Q; 

Syntax for the EMPTY CIOB function is: 

. EWPTY_CL06 or EMrrY_CLOB O; 

See Listing 3.30 to understand how to set a lob column To "empty" and how to use These 
functions with SQL statements. 

Listing 3.30: Using EMPTY BLOB and EMPTY_CLOB functions 



In Listing 3.30, first we have declared two variables of the datatype BLOB and CLOB respectively, 
which are also initialized as empty LOB. After declaring the variables, we have inserted these 
variables in to the database table named EMPLOYEE. 
Here you can sec the output of Listing 3.30. 
Output: 

.PL/SQL procedure successfully completed. 

With this we have completed discussion on lob function*, let's now discuss miscellaneous 
functions. 

Miscellaneous Functions 

Miscellaneous functions are those functions that do nol fall into the category of a particular 
datatype, for example, character function falls in the category of character data type, and date 
functions come under the dale tfataty|>e category. Let's study various types of miscellaneous 
functions. Table 3.G shows description of some of the miscellaneous functions. 
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Table 3.8: Miscellaneous functions 
Function Description 
LEAST 

USER Returns the name of the current account 

UID Returns the id of tho current account. 

Let's discuss these functions in detail and learn how to use them in a PL/SQL program. 

GREA TEST and LEAST functions 

These functions work in Ihc same way but in opposite manner. The GREATEST function fetches 
the highest value from Ihe list passed as an argument, whereas the LEAST function fetches the 
lowest value. Both these functions accept Iwo or more than two values as arguments. There is no 
limit to pass values in both these functions. 

Syntax for the GREATEST function is: 

greatest (vail, val2, vain): 
Syntax for the LEAST function is: 

least (vail, val2, vain): 

In these syntaxes, vain represents Ihe nth value passed. It implies that you can pass as many 
value as you want in this functions. Now. see the following listing to know how these functions 
work. 

Listing 3.31: Using GREATEST and LEAST functions 



In Ihe Listing 3.31, first the e dac variable of ihe DATE datatype has been declared, followed by 
fetching HIREDATE into lhal variable from ihe table Employee. Afler that Ihc GREATEST and 
LEAST functions have been applied on the values fetched from the table. 
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The output of I he Lining 3. 31 is as follows: 
Output 
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The preceding outpul displays six result The first result shows ihe system dale; second result 
shows (he date fetched from Ihe (able; third result shows the highest value among the Msls of I ho 
values passed in the GREATEST function as arguments; fourth result shows the highest date 
among The dates passed in Ihe GK-^itST funclion; fifth result shows the lowest value among 
the lists of the values passed in ihe least function; and ihe sixth result shows the lowest date 
among Ihe dates passed in the LEAST function. 

USER and UID Functions 

Both of these functions work in the same manner. The user function k used to know the name 
of (he current account, such as scott or sys, whereas The UID funclion return?, the integer waJue lo 
identify the user Both these functions do not require any argument; it is for this reason that Ihey 
look like a variable rather than a function. 
Synlax for the USER funclion is: 

user; 

Synlax for Ihe UID function is: 
UID; 

Listing 3.32 shows you how those functions work. 
Listing 3 32; Using USER and UID functions 



In Listing 3.32, we have declared iwo variables (he u ser, and u_id of Ihe VAPCHAR2 and 
NUMBER datatype respectively. After Thai The select siaiement has been used to retrieve 
The user name and the user id into u_ser and u id respectively from ihe lable EMP, where 
EMPNO - 7900. 
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The (HilfHil rji J.nring J. 52 is shown .is follows: 
Oulptif: 



W'iih this wu conclude our di&cu^sion on the built-in functions provided Jn PL/5QL You will 
now be ro<nfon.ihlc uilh usinp these functions^ Lei's summarize what wc have studied in this 
chapter 

Summary 

fn this thapler, w*' luw- studied. 

u rhe character tunciions, their types, and examples to demon strata their working. 

□ The d.ili" Junctions <ind (heir various types, supported d*Ue loirri.it'i. .ind v.inous examples to 
show how I hey work, 

□ Thi' nnrnern lurii Irmi^ .md their Ivpts along with example^ 
LJ The conversion (unctions 

□ The LHB iimUims 

□ Miscellaneous functions. 
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In real life, riiohtl} you nued lo perform an operation based on a condition. For exiimpf-c. you 
need to calculate income la* for employees of an organization. For thift, you musi apply 
dilferent formulae lor cakulaling income ux based on their different sa Lines and diflerent filing 
M^tus. Usually, I'Mf ul 1 on o| o PI AQ1 program prrn eeds from Top to hntlnrri est epl ihj eontiol 
situUure ajmes in helueon. Similar to other high level structured languages (.', C++- or lava. 
I'L'SIJL also provides various control structures to deviate the sequent (J I ffow of execution of 
progr.im depending upon the conditions., execution p.i rl of HL"S(JL program repe.Hedfy 
MEL a >fH.'tifu. condilinri i> salislicd.. and umondhiondlly jump ro dilferent parts oi PI7SQ]. 
program. In other rtords. Jhe*.i L < oriLrtfE strut turi's nr^irwe I he flow ot e\e< utron oi ,i I'lAQl 
pro^rom, Hiis ch^pler dr^ uves ,ill IvfX'S ol conlml structures and explains each of them in 
derails with examples. Let us study vannus control structures avjil,iWe in Pl./MJI - 

Describing PL/SQL Control Structures 

Conlrol viniLtirrcs are one oi ni.iin PL/SQL extension** lu 5QL. Conirul ^Irur. lures lead |o well- 
^IrurJurcd programming which lidps developers to structure the flcnv of control through a 
PL/SQL program. Each control strui lure has nnh one entrv and exit point, funlrol structures .ire 
hiinidlv divided inli> ihree main i ale^ines 1 
LJ Conditional eontiol structures 

□ Heralive < onlrol strut lures 

□ Sequential control structures 

Let us explain I hem wLlh the he'p 01 t'Utwi hart diagrams. 



J. 




Fip.riYSQL- 4 J 

Flj; PI '5Q] -4,] consisis ol one rlowi h.irl 1 or responding 1o e,u h 1 onlml struc lure. Eat h 
t"< tangular Ijox in these Ifom harts lepiesents a set or PL/SQL statement*. The sdcUion structure 
starts trom testing a condition and executes only one set of statements according to the value of 
condition fT or F>. UsualK . condition is either Boolean variable or an expression whk h results 
into ISoulean value. Ihe iteiation strut lure executes the of statements repetitively until 
condition evaluate 5 to true. The sequential control slmclure executes ihe set of statements 
sequentially. 

These si rut lures are if 'presented hv tin 1 set 01 PL/SQL statements sue h 1 V- r'H EN-ELSE, ~ase. 
rCH-LOO?. Wf: I LZ-L'.O ?. and let u^ mm study Ciindilion.il Control Statements. 
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Using Conditional Control Statements 

Conditional control statements facilitate us to take alternative actions depending upon 
conditions. Conditional control statements include IF-THEN, 1F-THEN-ELSE, IF-THEN- 
ELSEIF, and CASE statements. Three IF statements execule a differenl sequence of statements 
depending upon ihe value of condition. The case statement is nothing but simpler way of 
writing IF-THEN-ELSEIF statement. The CASE statement also executes efficiently in 
comparison to IF-THEN-ELSEIF statement. Let us now study each statement in detail, 

IF-THEN Statement 

The IF-THEN statement is a basic EF statement. This statement executes a set of statements 
when a condition is true. The general syntax of IF-THEN statement is as follows: 



In this syntax, the condition between if and then cither evaluates to true or false. If tt 
evaluates to true then only ihe block of statements between then and end will execute. 
If condilion involves Boolean variable, we can simply place the boolean variable in between IF 
and THEN keywords as it itself is either true or false. 

Let us create an example which calculates how many hours an employee spent during overtime. 
See Listing 4,1 which shows the use of if-then statement. 
Listing 4.1: Using if-then statement 



Declaration section declares and initializes two variables HoursWorked and OverTime of 
NUMBER daia type. The IF statement checks whether the number of working hours is {denoted 
by HoursWorked variable) greater than defined standard for number of working hours (8) and 
then, proceeds to calculate QverTime if condition is true. The PLfT line method of 
DBHS OUTPUT package is used to display GverTime on "i5QL Plus, 
Here you can see Ihe output of the Listing A. 1, 
Output 

Hours ipent in wertlne - 4 

PL/SQL procedure successfully conpleted. 
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After executing Listing 4.1 on "iSQL Plus console, you will gel the output as 'Hours 3pent in 
overtime - V. This message contains number of hours (4) spend in overtime by a person. 
Upon each successful execution of any PL/SQL program, PL/SQL engine also displays PL/SQL 
procedure successfully completed message. 

IF-THEN-ELSE Statement 

The 1F-THEM-ELSE statement's functionality is similar with either/or English language 
sentence. The IF-THEN-ELSE statement is little complex than if-then statement. It also 
executes another sequence of statements it condition evaluates to FALSE. The syntax of IF- 
THEN-ELSE statement is as follows: 



UrheberrechUch gescrtutztes Blld 



keywords are executed based on condition's value (TRUE or FALSE). 

We now extend the same example as covered earlier in section IF-THEN statement by 
including ELSE clause. See listing 4.2 which shows use of IF-THEN-ELSE statement. 
Listing 4.2: Using IF-THEN-ELSE statement 



Urheberrocrnlch geschutzles Blld 



Here, ELSE clause means that employee has not worked tor overtime in an organization. In the 
preceding listing. Zero value of OverTime variable represents this. 
Here you can see the output ol the Listing 4.2. 
Output: 



After execution l isting 4.2 on SQL "plus console, you will gel the output as Person does not 
work Eor overtime in the console. This output comes since HoursWorked variable 
initialized to 8 which is standard for number of working hours in a day. 
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IF-THEN-ELSEIF Statement 

\\ is the (he most complex if statement oui of available three [F statements, II is used when a 
PLySQL program involves more than Iwo conditions For example, you can use this statement to 
create menu which have many options but use of this statement is deprecated. As this statement 
makes code complex and also does not execute efficiently. The general syntax of 1F-THEN- 
ELSEIF statement is as followst 



In this syntax, all conditions such as condition - !, condicion2 are mutually exclusive which 
means more than one condition cannot be True at a time. Here, block of statements associated 
with TRUE condition are executed. You can avoid using this complex IF statement since from 
Oracle 9i Database Release 1, another searched CASE statement introduced which performs 
same purpose. 

We are again extending Ihe example to include ELSE I F clause. See Listing 4.3 which shows 

use of if-then -else I F statement. 

Listing 4-3: Using I F -then - el se if sratement 



In this listing, wc use two different SQL commands, prompt and ACCEPT. The prompt 
command here used to print name of program on iSQL'Plus console. The ACCEPT command 
asks user to input the value of variable TotalHours. Declaration section assigns value inpuE by 
user to HoursWorked variable and also declares a LessTime variable of number type. The 

~ I? 



ELSE IF clause oi Ihis program will execute and display (he value of LessTime variable if an 
employee works for hours less than 6 and leave office earlier due lo some valid reasons. 
Here you can see (he output, of the Listing 4.3. 
Output: 



After executing Listing 4.3 on *iSQL Plus console. It asks user for number of hours. In this 
example, let's enter value 4 and press Enter key to execute remaining part of Listing 4.3. The 
output displays the text written in prompt which just shows the purpose of program. The next 
two lines in output shows that second line of Listing 4.3 now initializes the HoursWorked 
variable with value entered by user. Main message in output is Person leave office 
earlier by 4 hours which contains the number of hours (41 by which person leave office 
earlier. 

Using CASE Statements 

CASE statements let you to choose one set of statements to be executed out of many sets of 
statements, Oracle 9i database release 1 and its upper versions to support CASE statements. Let's 
discuss different CASS statement in detail. 

Sim pis CASE Statement 

A simple Case statement consists of an expression and blocks of PL/SQL statements; where each 
block is associated with a different value. The values of the blocks are specified in the WHEN 
clauses. The expression in the case statement may also contain function calls. Expression's 
value should be of the CHAR. VARCHARZ, or integer types. II cannot be of the blob, SPILE, 
object type, record, or VARRAY data types. When you execute a given expression, the 
expression's value is compared with the values specified in the whew clause. Then, the set of 
statements associated with the matched value are executed. 

The ELSE clause is optional in CASE statements and is executed when no WHEN clause did not 
execute. If you do not specify the ELSE clause, PL/SQL inserts the ELSE RAISE 
CASE J»r FOUND clause into the CASE statement *•/ default. This clause raises the predefined 

Exception CAS2_NOT_ FOUND. 

Let's create an example which explains the meaning of grade symbols to student by using CASE 
statement. See Listing 4,4 which shows the use of CASE statement. 
Listing 4.4: Using simple CASE statement 
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The grade variable, which can store single character, stores (he uppercase character entered by 
student When PL/SQL engine comes across CASE statement, it evaluates grade variable and 
compares it with values mentioned in WHEN clause till a match is found. Then, statement 
associated with matched WHEN clause executes and displays the meaning of grade entered by a 
student. 

Here you can see the output of the Listing 4.4. 
Output; 



After executing Listing 4.4 on "iSQL Plus console, it asks student to enter a grade in uppercase. 
In this example, let's enter grade A and press Enter key to execute remaining part of Listing 4.4. 
Output displays the text written in command PROMPT which just shows the purpose of program. 
Main message in output is Grade A means Excellent Perf ocmance. This message 
interprets the meaning of grade A to student in terms of performance. 

M* 

USE statements can also be labeled and label appears before WE keyword of CASE staternenL 

Searched CASE Statement 

The searched CASE statement consists of blocks ol PL/SQL statements and each block is 
associated with one boolean expression. Block of statements associated with expression which 
results into true value is executed. Note that searched case statement does not include any 
expression, which comes immediately with CA££ keyword in case of simple CASE statement. 
Lefs perform the same example o£ grading student's performance but here student will enter his 
marks and corresponding conditions in WHEN clauses are also different. 5ee Listing 4.5 which 
shows use of searched case statement. 
Listing 4.5: Using searched case statement 
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We illumed lli.i! s-tudenl t.in get maMmum ot 100 marks. Note (lit 1 difference belwren 
conditions mentioned m A"ii=y; t buses in Listing A.I j nd those, in WEIIN tLiuscs ot Listing 4. J. 
Thete condilions arc Boolean expressions made up nf nsinji rdalinnal <=J ,ind lottiCnl 

nperaiors Unth. In sear< hed iV.^r stall 'merit, r nndiiinn evalualion .tEsu h.ipjH'ris in L'.-L'J c'Liuse, 

I I ere Vnn ton >ce I he nulpi.it nt the I isting 4,~i. 
Oulpul: 



Alter t'HCit u!iri^ Listirtfl J t on "ibQI Plus ivumiIc, it asks ski'leni ii> mtiT rri.irks represonied hy 
SM.nk 1 . variable. In this example let's outer the v.ilne 1)0 and then prey. I~nler ke\ in ( ontinue 
the execution tji remaining portion ot I isJinj* 4.~> Oulptil displays, lilt' text written in command 
:':'L>ir:' which |ust shows rhe purpose or piopiam. Main message in output is Student 
■; m . L .= i n'.'d - : r hot nn the basis, oi his marks. 



I Ins wt tinn demorisljTj[i-s llie use oi sc.m lied ".-."7 slalertteiit in i .ise vdii'n tln i re art' more than 
three condilions prcsenl in loj;ic of a PL'SQL program. 

Using Sequential Control Statements 

We' have sEt'r> control strm furrs wh'u |i ,i!lnw set of statements to e\C"ule only when some 
: ondition is 7R!T. 1*1 .'S(JI also supports Inn more sialenients, :-O70 ,i\\t\ ii',":.:. whit h do not 
need any condition to exec u(e themselves. Let us discus:. I hem in detail. 
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GOTO Statement 

The GOTO statement used to transfer the How of execution in PL/SQL program from one 
statement to another statement directly without any condition. The syntax of goto statement is 
as follows: 

GOTO label nine; 

labelnamo is the name of label present inside PL/SQL program. The labels are created by using 

syntax «labelname». In [his syntax, surrounding angle brackets act as label delimiters. 

We take an example of checking whelhcr entered number is prime number or not to show you 

the use of EJTD statement. Sec Listing 4.6 for use of GOTO slatement. 

Listing 4.6: Using GOTO statement 



The ACCEPT command asks user to enter a number of INTEGER data type. Declaration section 
assigns value entered by user to n variable anil also declares a variable rnsg of type. 
The execution block checks if anv of divisions of given number by 2 to integer (less than 
rounded value of Square root of given number; returns any reminder. If remainder is 0, then the 
number is not prime number. Thel-KiD function is used for setting the remainder. In case of non- 
prime number, goto statement will execute that transfer control to label named display. Next 
statement to this label outputs the message msg. Here you can see the output of the Listing 4.6. 
Output: 



After executing Listing AA on "iSQL Plus console, it asks user to enter a number. In this example, 
let's enter value 991 . Output displays the text written in prompt which just shows the purpose of 
program. Main message in output is written as '9131 is j prime nutrbec'. 
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Now, check Listing 4.6 lor non-prime number. Here you tan see the second output of 
Lifting A.d. 



After executing Listing 4.6 again, lei's enter non-prime number such as 990 and press ENTER 
key. You will get 330 is NOT d prime number as output. 
There are some limitations of OjTO statement which arc* as follow;.: 

□ Cannot transfer control to label present inside the nested block. 

□ Cannot transler control from ou)side an I F statement to a label inside Ihis I F statement. 

□ Cannci transfer ciintiol from an if statement lo a label inside another if statement. 

□ Cannot he used in EXCEPTION black to transfer control to any part of PL/SQL program. 

NULL Statement 

The NULL statement itself does nothing but transfer control to next statement Jn case of certain 
statements such as :f and exception block, there should have al least one executable 
statement tor compilation, wu can use TJULL statement he-re. Note that HULL statement and 
boolean value NULL are not similar. They are used in different contexts. 

Let's create an example of increasing percentage of commission of an employee having 
designation Sales PtrMin and emphivee id equals to 102. Tor other employees, we need nol lo 
perform any action. See Listing 4.7 for the use of NULL statement. 
Listing 4-7: Using NULL statement 



Declaration section declares a Job variable of type and Lmj.id variable of NUMBER 

type. Wo initialize Einplci to 102 un which basis the SELECT INTO query is made. After getting 
designation of employee into Job variable, IF statement checks whether designation is Sales 
Person, The UPDATE query inside IF statement multiplies commission percentage jdenoted by 
ccmn\ by 2 The else clause meant rnr other employees, we use NULL statement hen? to show 
no action. 

This example operates on a bor.us table having one following record. 
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sal coram tmpid 
20000 10 102 



.isting 4.7 on "iSQL Plus console, you will gel message 'PL/ SQL procedure 



Here you can see (he output of the listing 4.7. 
Output: 

PL/SQL procedure successfully completed 

After executing 

successfully completed'. Execute the following query to see whether the record is 
updated or not: 

SELECT * FROM bonus; 

Here is bonus table after execution of the query. Note that the value of percentage of 

commission (denoted by contrr. fieldl changed from 1 0 to 20. 

The bonus table after executing Listing 4.7 on iSQL'Plus console will !>c as follows: 

■■BBBK^ sal coma empid 
Gaurav sales person 20000 20 102 

Here is another code snippet which uses hull statement with exception block: 



In this syntax, when divide by zero exception occurs, rollback operation is performed. The 
ROLLBACK statement cancels the effect of previous transaction. For any other type of exceptions, 
we use NULL statement which means do nothing for these exceptions. 

Using Looping Constructs in PL/SQL 

PL/SQL supports various types of loops to iterate portion of program for many times based on 
some condition. However, as a best practice, you must write the type of loop best suited for a 
specific requirement. Different types of LOOP statements are as follows: 

□ LOOP 

□ FOR-LOOP 

Q WHILE-LOOP 

Let us discuss each LOOP statement in detail. 

LOOP Statement 

The LOOP statement is a simple type of loop and specifies that the specified part of the program 
is iterated till the specified condition evaluates to true. This statement begins with the LOOP 
keyword and ends with the END LOOP statement. The general syntax of the LOOP statement is as 
follows: 
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In ihis syntax. set of siaiemenrs ire eve* med and uinlrnl .ifi.uri tr^nts'f »ri lo the be.fli lining of loop 
V'HJ Lfin u^r iitbei ilcHis^-s with the '')•>"■ sf t ilenien1 l<» spet iiv r uridihtHial ileratinn cil lln' 
program Nark. Tiir example, y cm i ,in use the YV."? ,*nd FXT 7 i Loses fo spe.i ify tht; £iven 
rundifion. lis elt-st nhed next. 

EXIT Statement 

The LXl 1 : 1 stiitcmcn! used In finish loop witfinul anv condition, When Ihis ^lenient is e\e<uted, 
loop i i n ls hes ond cnnriol fransicrs lo next sNitemenl alter (hi 1 lut>p Nute lli.it the EaI'. 1 sMtomcnt 
onlv wnrks inside .1 loop 

EXIT-WHEN Statement 

The EXIT-i'irir.l-J statement also finishes lin 1 Inop hut when ^pe.eilii condition is enc ounlrre.d. 
When Ihis si a lenient is execuled. condition msidt' Wt"-:N < lausc is t herkt^d. If tins '.ondiiian 
liue, inop finches, and < on) ml Hangers in ncxl slalernent alter the loop. Then 1 should lie one 
■it, ill fiiu 'ill presen" inside I hi: loop lo i haiifte tlu 1 value or gondii ion. We 1 an al*o use IT statement 
in place* oi -L/I T-M-i:N" slalemcnt as explained in i'ol lowmp example: 

IF nuia > 100. then exit; endif; 
EXIT WHEN rum > 100; 

The EXIT-HiiZM statement is simpler than ! r statement in ihis example !ml bold pertorm same 
opera I ions. 

Wc laLe an example ol inserting [■nnipLiinl ids io ■ .n:.l ^ i 1 - -, lahfe Using L,"L1 ? s'aienient See 
Listing -1 tt w Ilk h uses Lor? statement. 
Lifting 4.H: Umiij> -jut- si.mjment 



The in:] etc query interns ihe loNovung in everv iteration of the loop 
U -Vorr-l a ;xi'.~. ri. vthkh is same as lhe bop counter 

□ Description, vdiich represents the ^rm£ vil je -•: l-j t-u-ieci liter 

tf 1 he value 01 1 is greaier ilwri rhe enieied value, the - > 1 :" rtHr ;. statement t omplries iIu l loop. 



Here you can see Ihe output of Listing 4.B. 
Output: 
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After executing Listing 4.8 on "iSQL Plus, Ihe console asks user lo enter a number on which 
LOOP statement completes. In this example, let's enter the value 3 and press Enter key. Output 
displays the text written in command PROMPT which just shows the purpose of program. You 
can execute The following query on "iSQL. Plus consoler to determine whether loop adds three 
rows into complaints tabfe or nol: 

select * from complaints; 

The complaints table after execution has following rows: 



Thisseclion illustrates Ihe use of LOOP, EXIT and EXIT- WHEN statements. 

FOR LOOP Statement 

The FOR LOOP statement iterates the portion of PL/SQL prstgram \us known numlier cjf Times. 
The general syntax of FOR-LOOP is given as follows: 



In this syntax, Ihe FOR-LOOP statement uses double dot operator which is used lo specify Ihe 
range of counter variable between lowurbound and upperhound. This loop iterates ihe sel of 
Statements by upperbound - lGwerbound number of times. Both lowerbound and 
upperbound of loop should be any out of literals, variables and expressions resulting into 
numbers. Oiherwise PL/SQL arise value error predefined exception. PL/SQL covens hoih 
bounds lo the values of pls_cnteger data lype. 

Note that you cannot change the counter inside the body of FOR loop as you are not allowed lo 
reference counter in The body of loop. 

We now periorm the addition of squares of numbers from 1 to n using FOP loop. See Listing 4.9 
which illustrates the use of for loop. 
Listing 4.9: Using FOR loop 
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The ACCEPT command asks user 10 enter the value nf n Declaration section assigns the value 
entered by user to n variable and also declares a mzrj variable ol VARCHAS2 type The execution 
block contains a for L^OP. In everv iteration ot this loop, square of number is calculated and 
added to msum variable. After calculating [he sum of squares of integers from f to n. we display 
this sum by using PUT LINE procedure. 
Here you can see the output ol the Listing A.'i. 
Output: 



After executing Listing 4.9 on "iSQl. Plus console the console asks the user to onier the value of 
n. In this example, lei's enter the value 20 and press Enter key. First line of output is the written 
tn command PROMPT which just shows the purpose of program. Main message in output is Sum 

of squar^r, of firs;: 20 rurnnc:^ - 7 ll which shows [hp sum nf T ■ 1 4*2' 2 + 

20' 20 series. 

Let's consider an example which explains ihe scope of loop counter variable. See 1 isting 4.10 for 
this purpose 

Listing 4.10: Accessing loop counter variable 



We used same variable name for loop counler since local declaration supersedes the global 

declaration. Hero, you can see The output oi the Listing -1.10. 

Output: 
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PL/SQL procedure successfully completed. 

After executing Listing 4.10 on "iSQL Plus console, wc concluded that the scope of the loop 

counter variable j is destroyed when the for loop ends. 

You can also access global value of j inside the loon. For this, see Listing 4. 11 

Listing 4.11: Accessing global variables inside the loop 



We named entire block of statements with label global. Global value of -y accessed by using 
syntax global .j- The END global statement ends the entire block. 
Here you can see the output of the Listing 4.1 1 . 
Output: 



After executing Listing 4,11 on "iSQL Plus console, we saw in output that when we access the 
value of j using global, j, it prinls the value of i in global block. If we access value of j by 
just typing j, it displays value of i local variable. 

WHILE LOOP Statement 

The WHILE-LOOP statement iterates the set of statements present inside its body until condition 
evaluates to true. The general syntax of while-LOCP statement is as follows: 



The number of limes, a set of statements executed, depends upon the condition and cannot be 

determined till loop finishes. There may be a case in which these statements will not execute for 

once since condition is examined at the beginning of loop. When condition evaluates to false 

or NULL, body of loop is skipped and control transfers to next statement after the loop. 

Let's calculate the areas of circles with different radius using while loop. See Listing 4.12 for 

useofwjilLE loop statement. 

Listing 4.12: Using while loop statement 
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The condition inside the v,v._Li *ind l.tXJ^ keyword* r\idiirs os nrde, whrrh should he lo*.^ 
tli.in nr c(|Li,il id IfJ Tin 1 fxpn'ssion th.il ( .ill ul.ilt"* llii" .ikm oi <in !>* is f ■ . ■ r .n ■ .:r- r.irii 
Tin' |>i v,iri,ibli' Ihtf 1 is :ii.llliETn,i!i[Ml ? ~ r ririsl.int whit li equals 1<> t.14. In fmi h iteration, vfllut* 
i)1 n : . .j- v.m.ihli' is iih rcniiTffh'iJ by 1 . 
Here ) ou cm w the oulpiH of (ho I ishni; 4. l 2. 
Output: 



When wo execute Listing <l.M on *iSQL Plus console, the console displn\s the areas of all 
e ir< Ie's uiili r.iiliirs lfs\ Ih.nii 1 0 

We e,m .ilsti m.iLc u: loop lo fxeeuie ,i1 Icisi once hv usin^ follow in;; synt.ix: 



As tlrip variable is set to i.ilsc \0 7 operator m,ike% condition present inside V.V-.l'-L and LCOE' 
true, rherfiorf, .i set of rite merits; will I'scc me lor fust nnif. Bui rlifit: must hi' ,in .^i^nntcni 
O.itrnient whu li as^u'ris 4 | new value in ll.i£ Rtinle.m i/.iri,iblf sci lli.if ihe lor ip doe*. no( vwt ute 
tor imiriile nonihfr ol times 

Summary 

Irs (his chapler. wo I Kite ^tudietl .iboiir- 

J Condition.il Control statements such as If-fHbN. IJ--1 HbN-tLSL. ll-THLN-LLiLIf and CASE 
With their example*. 

□ SftjUfnti.il ConJrol sl.iieNieiil sin li ,Li GOTO and NULL with iheir f dimples. 

J Iterative staJements su, Ei -is [OOP. FHK-LOOP, .md WHII Ft OOP with their e*amp If $. 
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In today's scenario, every organization reeds to manipulate the data in the database as per Ihe 
changing requirements of ihe organization. Daia in Ihe database can be manipulated by using 
Ihe Structured Query Language 15QL), but performing manipulation at large scale is not possible 
due to limitations uf SQL. One of the- major limitations of SQL is th-il it t annul send multiple 
statements lo a database at the same lime, Willi SQL, we cannot manipulate Ihe retrieved data. 
For example, you want lo add 1 000 rupees in the salaries of those employees who arc earning 
30Q0 rupees mnnihly The problem with SQL is that you can only fetch ihe records of ihe entire 
employees earning 30(10 rupees but cannot manipulate those records. To overcome this 
problem, PU5QL is used lo perform SQL operations. PL/SQL extends, '^o entire character islics 
and stalcments available in SQL, such as select, insert, update, drop, and delete, A database can 
be easily created and manipulated by incorporating SQL statements in a PL/SQL block PL/SQL 
supports .all The- datatypes supported by SQL; therefurt, you dn not need to convert SQL 
datatypes lo PIVSQL dataty|*es. 

This chapter describes how SQL tan be used within PL/SQL and explains Iransaclion 
manajjerrienl. 

Working with DDL and DML Statements in PL/SQL 

SQL has two types of statements, which are used to manage a database. Those statements are 
ddt, (Data JMrmtron Language) and dml [Da\,i Manipulation Language). DDL statements are 
used lo create, altei. and drop a table in the Oracle database while the DML statements are used 
to manipulate Mir records in ihe dalalwe table. Fnllowing are ihe DDL and DML slatemenls Ihat 
we arc going to discuss in this section: 

□ CREATE Stalemenl: used lu create a tahlt in the El.ilahase. 

□ INSERT Statement: used lo insert records in the database table, 

□ SELECT Statement: used lo relrieve values irom the database table. 

□ UPDATE Statement: used to modify Ihe database table, 

□ DELETE Statement: used lo delcle a record from the database table. 

□ DROP Statement; used lo remove the complete table from the database. 

You are familiar with using all ihesc statements in SQL. Lei's now see how to use these 
statements In PUSQL. 

Using the CREA TE statement 

II is a DDL statement and Ihe way to use this statement in PL/SQL is same as in SQL. Let's see the 
Listing 5,1 where we are creating a table by the name of Ei DtTftlL for storing the details ol 
emplovees. 

Lisling 5.1: Creating a Database lable 
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On executing the above statement you will see [he fallowing outpur. 
Table created. 

Using the INSERT statement 

It Is a DML statement, which Is used ro add record In The database Table. In PL/SQL, we can use 
[his statement multiple times wilhin PL/SQL block tor adding multiple records in the database 
table as compared to SQL where only one record can he added to the database table at a time. 
Lef 5 see Listing 5.2 to know how to use this statement in PL/SQL. 
Listing 5.2: Adding record in the E DETA1L table 



In the Listing 5.2, we have inserted two records in (fie database table that were created in the 
Listing 5.1 . 

Now let's see the outpul of the Lisling 5.2. 

PL/SQL procedura successfully completed. 

Using the SELECT statement 

It is also a DML statement, which is used (o retrieve the values from the database. In PLvSQL, you 
have to use into clause with select while in S2L select statement can also Ik executed 
without into clause. Using into clause helps in retrieving some specific field from the 
database table rather than relieving all the fields. Let's see Listing 5.3 to know how to use 
SELECT statement in PL/SQL. 

Lisling 5.3: Selecting values from the E_DETAIL table 



In Listing 5.3, we have used select statement to retrieve emi>_no and emp_basic from the 
database table e_detail where emp_no=iqo. Lei's see the oui put of Lisling 5.3: 

SP_HO - 100 EHP_BA5IC - 25000 

1 PL/SQL procedure successfully completed. 
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Using the UPDA T£ statement 

ll is .ltsu -\ |J)\1I o.iH'mt ill. ^ hit h is ti-vi'ti If i mm lit v rcr tin Is in !iic il.ikib.i^c l.ihle In FL/S( II . ivc 
<,m list" lln> sl.ilt'riinir multiple limes vvilhin PI ■'SQL blotk (t> ni'nJilj iiiulliplc rimnh nt the 
il<il:ilhiv-L L inibli' ^^ m >QL only one Tetfini t. \iv mri^Ji I it-i I .il .] time, l.i'l's sct L Listing .'• -1 io 
krum hmv In use fhi.-. st^toniL-nl in l ? l_/S<JE . 
I isllng 5-4; Moil<lMH|: rd i nik in iht- !.ible - , ■ ■ a . .. 

SQL> BEGIN 

UPDATE E_DETAIL 5RT EMP_flA5[C 

UPDATE F_D E TA I L SET EHP_BASIC 
END , 

/ 

In Ihhi'^ 1.4. im' h,iu j exet kited 'I 1 '!;. 1 "-' ■Aitenieril livki' tn rT i c »l d 1 1 ^- llie h-L^if ^.il.irv tit rhe 

ithjiIuvcc'v h.ivni", - I ■ ' ■' .mi J : i N'sficc lively I i'W si'f iliL r uiirpn' ol J [stin^ r >.4: 

PL/stfL procedure successfully completed. 

Using the DELETE statement 

lr K r jK(j .i [)\ll ^.rk-ii'iTiL u lm li umiJ 1ft Heldc n'( nnl Irom the il,it,il>risr ViNe nil iJir l?.is"is. n| 
ihc : ornhrifHi w.'-'i ,i 1 1 1 1 ;■<-'-'" < km sc. N<?w. suppose \ nu kwim lo rlelcte ihr rccurrk in 
I'L^QL uJicrc bni^if. vikirv :s etiLkif In I U(X)U. Inr this purpose let's sec Listing 1 1 In know huu 
1o delete renin! imni ihc iJ.it.sb.ise Lihle 
lislinj^ Jj.t; Neiim 1 , ku» <i iei on J in.ni - ' - , .. l.iblc 

SQL:- BEGIN 

DELETE E_DETAIL HI I ERE LMP_EASIC= lOOOO; 

END; 

/ 

Uuijml nl Lislmt* 1..1 K fallows 

PL/SQi procedure successf nil y completed- 

ki Pi ; SQl r Mm < .in u-c .ill tin- DM I. sNiU-mcnls lr> perJnrm ■■nrnc l£iins H i< linn 1 - \v]iu h rire nn| 
possible in . f el's see I I'-rmn r > ft tfi knou how Id us.e .ill sr.iti'iiii'rils tii^elfier. 

Lifting 5.6: Sbo'virii^ >}•'- uh- i >l . i E I DM1 si.iti'rHerit^ in .i H 'SC^I proijum 

SQ1_> DECLAR 
CTJO ^UMO[R ; 
S^L NUMBER 
BEGIN 

IN5ERT INTO 
I^Sf-WT INTO 
SELECT EMP_I 
UPDATE E_DE 
DELETE EJ)£ 

fND; 

/ 
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In Listing 5.6, We have used all the tour DML statements in the same HL/SQL block which is not 
possible lu do in SQL. 

First, we have inserted two records in the table E DZTAIL. 

After that, wo have retrieved some values in the variable declared in the declaration pan ot the 
PL/SQL block 

Then, wc have executed UPDATE statement to modify the salary of an employee whose 
employee number has been specified with whk^.f: clause. 

Then at List we have executed the DF.r.RTr statement to remove all ibe records from the 
database (able where emf_3AS"IC-1 OCOO, 
On executing the Listing S.b you will j>et the following output: 
PL/SQL procedure successfully conpleted- 

In litis way, we can use DML statements in various combi nations to perform some meaningful 
task such as selecting and updating (be user record Using DML statements in different 
combinations to get the desired result is known as transaction. We will study transactions in 
delaif ahead in (his chapter Now, we discuss the process to remove a table from database. 

Using the DROP statement 

It is also a DDL statement and the way to use this statement m I'U^qL is same as in SQL, For 
example, you have created a table in the database but later on felt that there is no need to create 
That table Then what will you do, tn lhat case, you use DPO? statement to remove the 
unnecessary table from the database. Let's see the fol lowing example in whit h we are deleting a 
table EKF_rjErAT!l. 

SQU- DROP TABLE EHP_MTATl_l; 

On executing the above statement, you will get the following output: 
Table dropped. 

With This we conclude our discussion upon DDI. and DM I, statements in PI/SQI, and SQL 
support in PL/SQL. You must have observed (hat under (he topic DML statements, you tame 
across a term transaction which has been defined and in a contise manner. Let's now study 
transaction and its management in detail. 

Transaction Management with PL/SQL 

A transaction is a complete unit of work tha( ine ludes a series of SQL DML iData Manipulalion 
Language} statements. The properties that describe how transactions should ^ork in a database 
are collectively known as A": id. The acronym acid stands for: 

□ Atomicity: It means that the transactions made to database either completes or fails. 

□ Consistency: Transactions should have to maintain data integrity that is no partial 
transaction should be made when working as .1 complete unit. 

□ Isolation: Multiple transactions can be executed simultaneously; m that case the changes 
made by one transaction will be visible to other transactions when the transaction will be 
committed . 
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□ Durability; It means once (he collection is committed successfully, the changes made by 
transaction aje permanent and safe from failures such as electricity failure during 
transaction. 

A transaction starts when Oracle encounters the first .SQL statement and the transaction ends due 
to any one of the following reasons: 

□ User issues either a commit or rollback statement, 

□ User execute* statements such as CREATE, DROP, RENAME, or ALTER, If user executes any 
of such statement then Oracle first commits the current transaction and then executes and 
commits Those statements. 

J User is disconnected from the Oracle then the current transaction is committed. 
D Any failure occurs and the transaction is rolled back. 

Let's discuss a banking example to understand transaction. Suppose there are two persons 
named Adam and Sarah. Adam needs to transfer some amount of money in Sarah's account. For 
That two operations must have to be performed during transactions That ate deduction of the 
money from Adam's account anri addition in the Sarah's account. 

To perform these two operations, two update statements should work as a single unit. This 
complete unit is known as Transaction and Lt needs to be committed to complete the 
transaction, ft you will not commit the transaction then it may lead to database inconsistency 
because it may happen thai during transaction one account is updated correctly but while 
updating the other account suddenly electricity failure occurs or any oTher kind of failure occurs 
such as memory problem, hard disk crash. Without committing, the transaction can not ensure 
lh.it whether me transaction is a sui c ess ur .1 failure but if the IransacTitin is committed [hen at 
the time of failure Oracle will rnle back ihc transaction and thus maintaining the database 
consistency. 

In the above example, we have talked about commuting and rolling back the transactions. Here, 
you can raise a question about how to commit and rollback the transaction? Answer is, the 
statements provided by Grade to manage transaction. Now, we continue discussion hv 
explaining the statements that are provided by Oracle to manage transaction. Those statements 
are as tolbws; 
U COMMIT 

□ ROLL BALK 

□ SAVLHOINT 

□ SLI IRANSACTIGN 

□ LOCK TABLf 

Let's now cunTmue discussing all the above given statements in detail. We will study all these 
statements in the same onJer as given above. 

Using the COMMIT statement 

This statement is used to make the changes made by SQL statements within the transaction 
permanent Whenevei a transaction is committed a unique SCN (System Change Number] a 
specific number in Oracle memory that indicates the location of data fifes is generated, which is 
then automatically written to the redo logs files tfhe files thai sTore all the changes made by 
Oracle databases Syntax to use COMMIT is as follows: 
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cowrr work; 

In The above syntax, (he keyword WORK is optional. This can be used for readability of the 
program. 

Let's see an example to use commit statement. 

In this example, we are considering a consultancy agency thai provides recruitmenl lo 
candidates registered with them. Now, suppose thai this consultancy keeps the records of the 
candidates in two files. In one files it keeps the records of those candidates to whom recruitmenl 
has lo be provided and in other [hose has already been recruited. 

Now. we have to creale a transaction in such a way that if one candidate will get recruitment in 
any company then his/her record should be deleted from the first tabic and will add in the 
another table automatically. 

In this transaction, we will use three statements lhal are SELECT. DELETE and INSERT and if 
any one of the statement is not executed properly or any failure will occur then it leads into 
database inconsistency. To ensure that inconsistency will not occur, we have to commit the 
transaction. Lei's see the Listing 5.7 to understand how lo commit a Iransaclion: 

Listing 5.7: Showing how to make Ihe changes permanent 



In Listing 5.7, first we have selected a complete record of candidate from Ihe table 
RECRUlTEMENTon Ihe basis of CID {candidate ID) when the candidate is recruited. 
After that, we have inserted the same record in the table RECRUITED with the company name 
where candidate is recruited. 

Then, according to ihe scenario, we have deleted the same record from ihe table recruitment 
that we have inserted into the table RECRUITED. After that, we have used COMMIT statement to 
make Ihe changes permanent. 
Output of Listing 5.7 is as fallows: 

PL/SQL procedure successfully completed. 
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In this w.iv. \^ st,i1erriesir ii Used to ( (jmi>M'.: <i tMiis.it. Finn. I el's iJim liss .inolhiv sMteriH'iil 

th.it heifli in mjn.i^inji tr h in*,ii Mr in iluit is 7-~. IjVT sMti'meni 

Using the ROLLBACK statement 

fl 1 1 ^ sUU'iurm is ljm^J \n uridu rlii 1 < hmii^i'S lhai art- marie- during ,1 iMi^.uiion Tln> ^tiii'incni is 
also uyjd In ltkI the i_urrent ir.nis.itiiun. ,'-',> -I. --.Lt undoes jll the ( runges nude up la the l,ii.t 
(i^niiiit. It is aK'j Li>i.'fj in Like the uxrt}i.li\t' .it. t ions rVir the t,kik<rr:s th,ii m.eur .it the time ot 
DUK ihe <. LlIlE'lIt lMlls,H liun S\ NUfc I' • use .• V : ^V"K is .is ln!W': 

ROLLBACK WORK; 

In Ihe pieceding symj\, ihe keyword is oplionj, 

I ■vb.v iiif [ i^tm^ n.tf id tiridrrsl H md K'l i.-r-.i '! sMK'mk'iH. 

Listing j.A: Rolling I> h ir k. thi' work tlon( h h\ DMI ■".itement 

SUL^ BEGIN 

INSERT INTO E.«P_B0NUS ( ETMP_Nfl h EHP_BASTC h BAB) VALUES (100. 6U00, 700QJ I 
1NSEHT INTO EMP_flQNUS ( EMP_NQ, EMP_EASIC F BAB] VALUES tlQl, 60OO, 70QQ) ; 
EXCEPTION 

WlLt* DUP_VflL,ON„JhLl£X THEN 

ROLLBACK; 

END; 

111 Listing xtl. we ,ire inserting some ^dlues in the table E.M7- '..'.7. We *sie <r\ mjj to execute 
ilii- v:". '- .-1 SL L i;enn'ni \\\ \i e. 

\ leie we u H int O.ule to <.hetk :or lue dtifjliinle retards in the I jbic ond ior I hat v-e h,ive used ,1 
|f. r i' (IiTuiclI reception lli.it is T.", _~. 'J Li.'-' . 11 Or.itU' Ijrids ,inv tkipl ic reioid then 
the -2 A v sLitemunl^. will he e\ecuted and the changes m.ide b\ other st.ttemenl will ,ilso 
I)*' tjrifkjrie Bui ii Or,x le does nol lincK .ins dup!i( H i1e remrd then "iJ-.-'.'^' ^MtentL'nt will 
<•*.• ■<. ule prjij iL L i K . 

Heie m our (*ise. ret ore! with the J - U .' ,ilie,idv exist-* in the table that's why the Oracle 
has rulletl li.n.k tht j tMlls^Ltum. 

E>ceptiori will drKus&e'J in detail in crispier number 1 1 of this book. 

S<j<netiniL'i. vou rn.iv e>t:L nl l i m,in\ italcmems in .1 irjni.'iL'tion while ^\yc-c\\\ wtj- :-'j11.1. V_"K 
<|,itrint i ni inr nidiri,ij' F in^ dfiLiltiv i oiisis)i'ih ) . 

And, cturiup e^cculicin o) iho^c sl.iteincnt^ some problem nuv nctur nt the esLiLiilnjn i?i j ^in^lo 
sl.iti'riii'iit. nr u tht' ■'t.itfrTiE'nt i*. viul.itniii .uiv i (?ristr.ii[il fht'ii ilie ()r,n lc u ill :ull[hn k tin 1 wftol*' 
Ir.in^.n In nk 

I: vol. w.inl lh,H the whole tr.ins.ietion should nol be inlled bjck ,ind nnlv th.u ^.itement ciealiiig 
vn>f,il|[>n shinild iol] l^ic k then \ <ki t ,in ,i!su roll h,ii k ihe s.nni' si.iU'NH'nt To du ih.iN \ou li.ive 
lo use '•. Let * ^tudy ii :w: in det-nk 
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statement 



INT is known as undeclared identifier, which is used to store intermediate stale in a 
It allows a user to undo a part of transaction. SAVEFOINT is used lo rollback only 
that failed to execute or raised any exception due to any kind of constraints, 
we use savepoint then only the work done by failed statement is lost but the work 
done by successful statements in current transaction will remain sale. Let's see Listing 5.9 to 
understand its working. 
Listing 5.9: Using savepoint in transaction 



In Listing 5.9 first we executed the DELETE statement to remove a record from [fie table 
EMP_BONUS. Then, we applied a SAVE POINT to save the changes made by this statement. After 
that, we executed an insert statement to add a record in the table EMP_EQNU3. 11 may happen 
that the record we are trying to insert already exists in the lahle H in this case it violates the 
constraints and statement will fail. 

To check the duplicate records in the table r we have used a pre-defined exception and on the 
basis of that wo have rolled back the transaction to the SAVEPOINT. In the case, Oracle will roll 
back the transaction to a SAVE POINT the following olcuis: 

□ Oracle roll back only the statements run alter ihe SAVE POINT 

□ Oracle will undo all the changes made by transaction but retain the changes made up to the 

SAVE POINT. 

This is all about the SAVEPOINTS in transactions. Let's continue our discussion to know how to 
set the transaction to read-only or read-write. 

Using the SET TRANSACTION statement 

The set transaction statement can be used only once in a transaction and this must be the 
first statement in the transaction. You can set the transaction to read-only or read-write by using 
SET TRANSACTION statement. Making a transaction read-only is useful where you want to 
execute multiple queries in ihe transaction and at The same time allow other users To execute 
other statements on the same table. 

Read-only transactions are beneficial for the queries in the transaction (o i/iew only the changes 
made before the transaction began. Let's see Listing 5.1 0 to use SET TRANSACTION statement. 
Listing 5.10: Making the transaction readonly 

SQl> DECLARE 
sal number; 
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In Listing 5.10, we have execuied the seleci statement twice and it will provide ihe same data 
irrespective of the changes made to (he database lable used in this transaciion. 
Here, we want to convey thai if any other user will modify the values in the database (able while 
the firsl SELECT statement has already been executed and the other has no! slant yd; at thai 
time, modification in Ihe database table will noi afftU Ihe result uf (he transaction. This is so 
because aiier setting the transaction to read-only- this transaction can only read the changes 
made before the transaction began. 

Tn end tht TRANSACTION, use CO^Ml']' Or ROLLBACK Statement SET TRANSACTION 

also has some restrictions over it, these restrictions are as follows: 

□ DML statements can not be used with read-only transactions. 

□ You can not execute queries with Ihe FOR UPDATE clause. 

□ You can only use the select into, OPEN, FETCH, CLOSE, LOCK TA3LE, commit and 
ROLLBACK statements in the read-only transactions. 

With this we have ended discussing SET TRANSACTION statement. Here, you have seen that 
while using SET TRANSACTION statement other users are allowed to modify Ihe database 
table. Modifying the database table while a transaction has already been in execution, may lead 
in unexpected result, if you will not set the transaction lo read-only. 1 1 you want that other user 
can not modify ihe database while one itansaciion is already in execution then you can set the 
LOCK on the database table to restrict the modification. Let's study about how to set LOCK on 
ihe database table 

Using the LOCK TABLE statement 

This statement can he used lo lock the database table. A database lahle can be locked in two 
modes that are ROW SHARE mode and EXCLUSIVE mode. During row share mode many users 
are allowed to use the same resource, such as a table while in exclusive mode only one user is 
allowed to use the resource and that resource locked until the transaclion is committed or rolls 
back. Let's see the syntax lo use LOCK TABLE statement. 

LOCK TABLE tab-JlMB IN locll_JWde; 

Here: 

□ (ab_name: It is the name of database table thai you wanl to lot k. 

□ lock_mode: It is (he mode of lock that can either be POM share mode or exclusive 
mode. Which lock needs lo be applied on Ihe database table depends on your requirement 
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Now, see how to use LOCK TABLE statement on a table. In the Listing 5.1 1 , we are locking rhe 
table emp_detail in exclusive mode. 
Listing 5,1 1 : Showing how to lock the table 



Output of the Listing S.l 1 is as follows: 

PL/SQL procedure successfully completed. 

Now, other user can onJy retrieve the data from (he fable EM?_DETAiL but can not perform 
opera I ion e, such as insert, update, and delete. Here, we have completed discussion on 
Transaction management in PL/SQL. With this, we have reached lo I he end of this chapter. After 
studying this chapter, you should be able to execute SQL DDL and DML statements within 
PL/SQL block and can also manage transactions. Let's have a brief summary about all that we 
have covered in ihls chapter. 

Summary 

In this chapter, we have studied about: 

□ The SQL supports in PL/SQL 

□ Using DDL and DML statements in PL/SQL 
Q Transaction Management 
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PL/SQL similar to other programming languages such as C C++, allows using arrays, list, 
collections, and records, lo group related values. A group of related values, which may be of 
different datatypes, is called a collection, and a group of values with similar datatypes is called a 
record. Using collations ami records can simplify the work of a programmer, and reduces the 
length ant! complexity of a program. 

Suppose you want to process the salaries of the employees in the EMP DETAIL table. You can 
do this easily by using collet lions, because salary of all the employees must be stored under the 
same column, implying thai you are working with similar datatype. However, you can use 
records lo manage all the details of the employees, since different columns in a table may be of 
different datatype. Lei's now look at how to use collections and records. We start by learning to 
work with PUSQL collections. 

Working with PI/SQL Collections 

Collections arc single dimensional data structures that function as an ordered group of elements 
having the same datatype, for example, salaries of employees in the table EMP_detail is a 
collection. Every element in a collection lias a specific index number, which is used to access 
that clement from the collection for processing. You can use collections as PL/SQL datatype and 
can also pass them as parameters. Let's discuss about various PL/SQL collection types as well as 
learn how to define, declare, initialize, and assign collection types, in detail. We describe them 
under the following topics: 

□ Selecting PL/SQL Collection Types 
Q Defining Collection Types 

□ Declaring Collection Variables 

□ Initializing Collections 

□ Referencing Collections 
Q Assigning Collections 

□ Comparing Collections 

□ Using Collection Methods 
Let's discuss these topics in detail. 

Selecting PI/SQL Collection Types 

In programming languages, such as C or C++, a collection type can be a list, an array, or a hash 
table. Similarly, PL/SQL also offers its own collection types. PL/SQL collection types arc varray, 
nested table and associative array. Selecting a collection type depends on the requirement of 
your program. Table 6,1 describes various collection types briefly. 

Table 6.1: Collection types in PL/SQL 
Collection Name Description 
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Now, alter learning about collection types, let's learn how to use them in a PL/5QL program. 

Co/faction Types in PI/SQL 

To create a collection in PUSQL, yau must have to define ils type. Collection lype can l>e 
defined in the declaration part of PUSQI. block. As ivc know lhat there are three different 
collection types, so the syntaxes used to define them is also different but the scope and 
instantiation rules for all of them are same as Ihey are for other I'L/SQL datatypes. Now, let's 
study how to define collection types — varray, nested table and associative array — in a program. 

Varrays 

The syntax to defines varray in a PL^SQL program construct is as follows: 

TYPE varray.type IS VARRAY (size) OF e1enent_type [WOT null]; 
In This syntax: 

□ varray_type represents any valid name that will be used while declaring a collection. 

□ VARRAY shows lhat ynu are defining a dillr-ciiim of lype varray. You can also use 
VARYING ARRAY in place of VARRAY. 

□ (size) represents a positive integer value, which is used to set the upper bound of the 
elements lhat Ihis collection can contain. 

□ element_type represenls PLrSQL datatype. 
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J [ \0 : nu:,l" i<* optional and sets validation so thai |he elemenis in the colletiiuri can not 

have null values. 
I isiing 6. 1 shows how to stuf^ leu numciic values: 
Listing 6.1: I'LStJL program In dclinc w. r -.': j :.\i-.-i 

SQu DECLARE 

tvpe emp_id is vahray (10) OF number not null; 

BEGIN 

NULL ; 

End ; 

/ 

Output of the Li^lirij! fi_ T is .is lollows 

pl/SQL procedure created successfully 

Tlii? I isting ft 1 shm\s flow you can do tins a varrav in HUSQL program. You can also dolino 
varrays in database tables To define .i varray in a database fable, you require to i - : kf- /■h"."!- 
ty siaientent in place ni the r-'i-:- si a lenient. 
Syntax (r> define a \arra> m a database la hie 

create type varray_type as varray (size) of el emen retype: 

Syntax to cMrne ,i varray in a database labfe is same .is The syntax to define a v.irras in PL/SQL 
program extepi that we have added ihe create-: type staiemenl m (he beginning ol the syriiax, 
and I s> has been replaced by a:- . 

See ihe in 1 1 rnv i rifi rv.itnple [n understand how re h deime a varrai in a da la base lable. Ii !.in suite 
addif-sses ol ten E'liiployees 

sqL> create type empjddi as VARflAy (10) of vahchar? f200); 

/ 

Having, learned how to define a varray in a database table. Id's understand the process to define 
nested lable*. 

Defining Nested Tables 

Svnt.ix k> define a nested lable in .1 PL/SijL program is 

TVPF. riesTed_Cahle_tyne is table of element-tyce [not null]; 
In tins syntax: 

J Nested tzclT ii ir-r : represents anv valid name, which will be used laler while declaring 
.1 col feci ion. 

□ table ihows ih.ir you are defining a collection of ijpe : ^.dij, 
J r. 1 loner i Lv- r c represents the PI /SQI datatvpe. 

□ " :ct ::ull" is opiional and can lie used to ^et the validation *o thai !he elemcnls m ihe 
tollection tan nol ha^e null values. 
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Sec the Listing 6.2, which can bo used to store some numeric values: 
Listing 6.2: PL/SQL program lo define Nested Table 



Output of the Listing G.2 is as follows; 

PL/5QL procedure created successfully 

In [he Listing 6,Z H we have defined a nested table in PUSQL program. You can also define nested 
tables in your database. Let's see how to define a nested table in a database. 
Syntax to define a nested table in database Table 

CREATE TYPE nested_tabl e_type AS TABLE op element„tvpe; 

Syntax lo define nested table in a database table is same as the syntax to define nested tables in 
PL/SQL program except that CREATE has been added in the beginning of the syntax and IE has 
been replaced by AS. 

The following example shows how to define a nested table in a database table which tan store 
addresses of employees. 

SQL> CREATE TYPE £kp_add2 AS TABLE OF VARCHAB2 (200); 
/ 

Let's discuss how to define associative arrays. 

Defining Associative arrays 

You can define associative arrays in a database. Here's the syntax for the associative array: 

TYPE ass tm1 ati va_array_type is TABLE OF ele«ent_type [HOT NULL] INDEX BY 
key_type; 

In This syntax: 

□ assocLative array type represents any valid name, which will be used later while 
declaring the collection. 

□ element_type represents the PL/SQL datatype. 

Q [ [JOT NULL] is opt i una I and can be used To set the validation so that the elements in the 

collection can not have null values. 

□ index by clause is used to define associative airay. 

□ Key type represents a numeric value (?LS_INTEGER or B I N AR Y_l NTEG E R) or 
VARCHAR2. The datatype, such as RAW, LONG RAW, ROWID, CHAR, and CHARACTER are not 
allowed as keys for an associative array. 
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[ islirig U. ! ^h{j\v^ how In deiine can .i^onalivL.' .irf.iv 
Listing 6.3: PL/ SQL pro^rnni lo define Assoc mtivo arravs 



Onlpul of lhe Listing 0 J \\ js lollop, 

PL/ SQL procedure created successfully 
With llirs \\f cni'ifudf di<* ussio.i nn defining collection types. Aflcr undemanding how to 
tle.Ene a t < Election lypc. let's [cam lo declare collection variables. 

Declaring Collection Variables 

After defining the collection ivpes. vol. need lo declare Ihc collection variable of th.-l collection 
ty f j u - Her liinnj* t nlleUion vjri.il.le!, is necessjiy En use the collection type, vou h,.ve defined. 
Veil define tol lee lion l\pes in the dec I, i ration part of PL/SQL block, Li sling f..4 shows how lo 
declare Lolkrfion v.iri.iliiev fleto.e dcLuing thu toilet. I ion ^rtrirfhli?^ c^'Cute flit, slrfteriifnts 
given In-lov. lu (k'trne ".".Fro/: and Veiled Mble in diiulxise. 

S0L> CREAit type *mp_addl AS UAfiRAV £10] Of VARCHAP2 (200} ; / a Defining varray 
in Database V 

Oulput cpI tin' pre-L e'iJuil; *italeineril ~\s as tollnws. 



Output o[ Nit- piciediniJ sialemenl rs. a 4 * ml lows- 

Typo created. 

Let's ..ee the Listing h r A !n (feci ire t_olkt.fi on variable,*. 
Lis ling 6.4: Pt/SQE program to declare toilet [ion variables 



114 



Chapter 6: Underslandiug PUSQL Cotieclions and Records 



Output of the Listing 6.4 is as (allows: 

After declaring the variables, yoj need to initialize ihem. Let's see how to initialize collection 

Collections 

variables can either be initialized in the declare part or in the begin part of 
block. AJI collections are initially null. Collection variables (varrays and nested tables) 
initialized using the constructor method (a constructor is a syslem-defincd function having 
Ihe same name as the collection type). Let's see (he Listing 6,5 to understand how to initialize 
collodion variables. Before initializing the collection variables execute the statements given 
below to define varray and Nested table in database. 

of the preceding statement is as follows: 



preceding statement is as follows; 
Type created. 
Listing 6-5- PL/SQL program to Initialize collection 



Output of the Listing 6.5 is as follows: 

PL/ SQL procedure created successfully 

After learning how to initialize collection variables, let's study the process to reference a 
collection element. 



Referencing Co flections 

Reierenum; i*, u^i'd to <Ki"es\ H in fl-t'n le-nL from <l i nller Mini. Synl.is I l > leleieru e .111 element is as 
follows: 

colljiame [subscript): 
In lliii <ynl.ix: 

U C 1 _nd[ne io|Mftt-nts Hit' nriinu of a t ollcs linn. 

u i ju^jct.pt i ropreseius tht? element that h.at to be pronged, rherc i& some specified 
r.innc for iuoscript. which van 0*1 jeeordm^ to the iolleUion lype. Following are the 
sijIjm npt r.Jnjie^ .u i nrdinj" to [heir 1 ullet Lion \\ pi's: 

* For v,irrr,ivs, the rongt 1 ij. 1 to upper Imund of (lie varr.iy. 

* E-or nesled table . [lie ranjie is I in 2 N74JJ lf>4 7. 

* *issut raTke .n ra\^ uith nuiiieru kev, the range is -2 I474H S647 (n +2 M74H 164 7 t 

■ l~or .i^isih. \.iU\\< .irr.iy^. with Y-.PCSJAR/ v.itue /is key, ihe ran#' depends on the length of 
the value spet iiieil during ivpe. drt l.ic.ition .ind database Mhle erection 
Listing 6.6 show; how 10 perform rderent inj> in a t nl lection. 
Listing 6.6: PL/SQL program lo use reierennng in aillijeiioris 



The output oi f.Ninfi U 6 i*. ns follow 1 -: 



In I isling 6.Ej. we h.ive used ,1 turn tiun ."CN"" f L , w 1 1 it h 1 uunls the number (il elements in tile 
nested t<iblc and moves (he loop up to lhal count. 
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this we conclude discussion on referencing (he collections. Now, sometimes you may need 
(o assign one collection into another collection, how you can do this is explained next. 

Collections 

assign a collection into another collection, the element types and the datatype names of both 
collections must be same. There are various ways to assign a collection into another collection, 
such as using INSERT statement UPDATE statement, SELECT statement, assignment statement, 
and also the subprogram call. Listing 6.7 shows how lo assign one collection into another 

6.7: PL/SQL program to assign collections 



output of Listing 6.7 is as follows: 

PL/SQL procedure succesfully completed. 

In Listing 6.7: 

□ First statement, A :-B, is allowed, because Ixith A and B have the same element type 
(NUMBER) and datatype (eid ) name. 

□ Second statement. B :=C, is not allowed, because although they have the same element type 
but their datatype names are different, thai is. tlie datatype name of ft is eid but that of C is 
esal. 

of Listing 6.7 shows that the procedure is completed successfully. It is because we 
given the illegal assignment as a comment. However, if you try to run Listing 6.7 without 
the illegal assignment a comment, then the following error message appears: 
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You can also assign a null value lo another collodion or can also assign values in a collection by 
u^ing expressions. Sec Listing fe r 8 to know how to assign an expression and null into another 
collection. 

Listing fi,6: PL/SQL program to assign expression and null value 



3n Listing (tJi, we have .l^sigrii'd an expreviirm to an element present at the irrst position in the 
varMy, and then displayed Ihe value assigned lo [he element M firsl |Hisiticin. Aller ih.ir we have 
assigned llic nested table 3 (inilialized as null i to ncslt'd table C, and ill last vvc h*ivc used ihc 
COUNT method to know the number ni dements in ihe nested table C alter assigning the 
l-x predion. 

Oulput of Listing Gil is as tollers; 



This is al[ .itnml aligning Q>llc*c lions. I et's now learn how lo eompiire collecljons 

Comparing Collections 

Sometimes vnu mav require lo know uhellu't ,\ culiec-Iiori is null or not; or whether the elements 
in (wo collections are similar or not r In PL/SQL you can compare two colleclions lo find oi_r| 
whether they .ir** n l il 3 or similar. Listing tt.'J shows how lo compare two collections. 
Listing b.9: PL/SQL program to c ornpare collections 
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In Listing 6.9, we have declared two variables of nested tables bul initialized only one variable, 
that is C, and kept B as blank. After that, we have compared B for Null, and then B and C to 
check whether they have similar elements or not. The output of Listing 6.9 is as follows: 



This is all about comparing collections. Let's see how to use collections with database tables by 
performing operations, such as create, insert, update, on a table in the database. 

Using a VARRAY 

To perform operations on a database table using varrays, you must define, declare, and initialize 
the van-ay. The process to define, declare, and initialize a varray has already been discussed. 
Let's feam how to create a table that has a column of the varray collection type. 

SQL> CREATE TABLE V.jrny (ENAME UABCHJKI(30J , EAOO Biruddl) ; 

The output of this statement is as follows: 
"7 Table created. 

In the preceding statement, we have created a [able named V array. This table has two 
columns; one of them is of VARCHAR2 datatype while [he other is of varray datatype. Lei's 
now take the table, emp addl, that we have created earlier (described under the heading 
'Defining varrays'l, and insert a rccoid in that table. Listing 6.10 shows the code to insert a 
record in the erop addl table. 

listing 6.10: PUSQL program to add records in emp_addl table 
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Qui put of Listing 6-10 is as lollows. 



PL/sqL procedure completed suceessf jlly . 

Afler understanding how to insert rcinrd> in ,1 daUkise table, let'*. urxleNand how to use 
i;?ta r~. ,ind if.: ~rr ^.ltemem^ on ,1 i!,il,th.i^e (able having r oluimv; of rvpe varr.iy Listing b 1 1 
uses itta :? and ^ "".F"" 'i.iti'mcns on .i <Ln,ib.i*ir lable 

Listing b.1 1: ML/SQL program io uM 1 ii D-\ I'K and £"L.lLC:i stalornent on r.rp idal lable. 

SQ.L> SET SERVE ROUT PUT ON 
DECLARE 

add„varray enp_add_; Declaring, variable of vaprav 
i emrj_addl; — Declaring variable of varray 

BEGIN 

add_varray ;- emp_addl ("Street no 12', 'H.no 20'}; — Initializing varray 
variable 

-- Updating values in the table V_array 

UPDATE V_array set EADD* add_varray WHERE ENAME - 'Anrit'; 

-- selecting the updated field from v_array 

SELECT EADD into k from v_array inhere ENAME =■ 'Amit h : 

for i in «,FIflST „ k.laST loop 

DBM5_0uTPLiT.PUT_L.lNE (ati)); 

end loop; 

END; 

/ 

In I i<-tmg b 1 I , we h,i\e performed luo OfM'r.Hinr^ 1 i r-s t we li.i v<> irf niJ^le-r I the d.tt.ib.i'ie t.ilile 
\ -i z l j v r ii n f 1 then we? have cucutcd (he ..:\L^-"L statement to vic^ - the updated value:*;. 
Oiiiput of I idling F h 11 ,jk [nllnws: 

Street no 12 
ii.no 20 

PL/SQL procedure completed successfully. 

[ii the same wav as v<irray\ ne^led lables < .in also lie used in .i database Hul there \b a different e 
in tredlirijT [he database table with column as nested table (\pe. Let's create a database (able 
\v ith the columns of tvpe nested tab If. 

5£}L> CREATE TABLE ne5t_dema (ENAME VARCHAR2 (30) T EADD emp_addZ) NESTED TABLE 
EADD STORE AS EJDDl ; 

In the. preceding statement we h.no created ,t tabb named nnc: doro. Thi, cable has (wo 
columns: one ol them is of YAi-aiAr^ tipe while (lie other is of nested table lv|X\ The 
i^^_^;lnr has alreadv l>rt-ri i re.ilE'd under iho heading 'Defining Nested Table'. Oulpul of ihe 
preceding stalcment is as follows: 

Table created. 

Tlii 1 . is .ill about using varray and nested tabic wilh database tables. Now, wo continue our 
di^t ussion by esp I .lining nil In tiou methods In ] isling 6.1. we li.nc used a method CO'JKT to 
know the number nl elemenl'. in a nested table. Pt /SQI hds minims oilier methods k) rerJm e I he 
prograniming tasks. Lot's stuclv i'L'SCJL built-in methods tlnat cm be u^ed with tollotUons, 
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Using Collection Methods 

PUSQL provides various built-in methods that make it easy to use collections. These methods 
can be functions, such as exists and count or a procedure, such as extend, trim, and 
delete. There are some limitation with built-in collection methods, such as they can not be 
called by using SQL statements; EXTEND and TRIM methods can not be used with associative 
arrays. Table 6.2 gives you a brief description of various built-in collection methods. 



Dsscription 



Hmnnflw auatw af ■taioiu at « cilitUna. 



Haturotha anallMt ImIm a«n>bar m a calialon 

Datum the bigot Mm flunk* ■ celacnaa. 

Ratnmtha kidM — har ttatarecadaa Max a. h a talaeilati, 

kicnMMi tha all* of * COUNtlBn. 

Trim af dvenana till aiza of ■ cafecnoii. 

Oakftai db abwati Iron ■ caMta. 

Let's discuss these methods in detail. 
EXISTS 

This is a function, which either returns TRUE or FALSE. If any specified element, say nth 
element, exists in the collection, then it- returns 'true'; otherwise, it returns 'false'. When the nth 
element is out of range, then it returns FALSE rather than raising an exception. This method is 
used To avoid the referencing of non-existent elements. See Listing 6.12 to understand how it 
works. 

Listing 6.12; PI75QL program to use EXISTS function 
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In Listing 6.12, we; have used the exists method in 'lie varray and ncsied table to check 
existence oi the elemenl whose subscript has been passed as parameter m this method. We haw 
used the IF. - - ELSE: control statement 10 display [he ouipul on ihe basis of me existence and 
nr>ri-exis!erit.e ui Ihe element. 
Outpul of Listing bA 2 is as follows: 



COUNT 

The COUNT function returns the number uf ek'menls that currency exi^l in a uilledion. This 
method is verv useful when you do not know the exact number of elements in a collection. See 
Listing fc.J J to understand Its working. 
Listing 6,13: PL/SQL program to use COUNT function 



In Lisling 6.1 3, Ihe COUNT melhod is used to calculate Ihe number of elements in varray and 
nested -dbLe. 

Output of Listing bA i is as follows: 



You cm use this method where; integer value is espetled 
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function returns the number of elements thai a varray can contain. In older words, 
returns ihe upper bound of a varray. In case of nested tables and associative arrays, 
function returns Null. This meihod can be used wherever an integer value is expected. 
6.14 shows how this function works: 



14: PUSQL program la use LIMIT function 



the preceding listing, first we have displayed the total number of elements in varray, and then 
tola I number of elements that a varray can con la in. The output of Listing b.i 4 is as follows: 



of Ihem are functions, FIRST returns the smalEe$i subscript in [he collection, and [he last 
returns Ihe last subscript in the collection. If the collection is empty, then these 
return null. 

varrays, FIRST always returns 1, but for Nesred table, it may or may nor returns 1 ; il the first 
has already been deleted from the nested table r then the first function returns 2. 
, the LAST function returns the upper bound in case of varrays; but in case of nested 
it gives The same result as the COUNT function. If you delete some elements from the 
nested table, then the value returned by the last funciion is more than ihe value it returns with 

of associative arrays with varchar.2 key values, these functions return Ihe lowesT and 

VARCHAB2 key values. Listing 6.3 5 shows how these functions work. 
6.15: PUSQL program to use FIRST and LAST functions 
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In Listing 6,1 5, the first and the last methods are used To iterate the loop in 
and then the smallest and largest subscripts of the nested table are displayed, 
deleted Ihe first element from the nested table by using the delete method; 
starting subscript is displayed once again. 
The output of Listing 6.1 5 is as follows: 



PRIOR (n) and NEXT(n) 

Both these functions return the subscripts of the specified element. PRIOR {n) returns the 
subscript of the element that precedes index n in thai collection: while Ihe next method returns 
the subscript of [he element that succeeds index n of a collection. prior (n) returns null, if n 
has no predecessor and NEXT (n) r el urns null when it has no successor. 
In case, associative arrays have dements of lypi' ^.'ARCHA^, Thi-'&e lunctiun* return the key 
values corresponding to the specified clement. Lining 6. 1 6 shows the use of the PRIOR Jn) and 
the NEXT ml methods. 

Listing 6.16; PL/5QL program to use PRIOR and NEXT functions 



EXTEND 

This is a procedure, which is used lo increase [he size of a collection. This method can not be 
used in case of jsseh Mlive arrays Tins melhod unlv lie u%ed wiih tdleUiuns lhat have 
already been initial izcd L Vol can use ibis procedure in ihe following three wavs 1 

□ EXTEND: It appends one null elemenl io the colleclion. 

□ EXTEND (n): li appends n null elcmenls Io Ihe collection. 

□ EXTEND (n, I): It appends the ith element n times in the colleclion. 
AU „ _ 

If a cotectton has NOT NULL conflrainT then mil values can not be appended In a cdfctiorv 

Listing 6.1 8 shows how ihe EXTEND procedure works. 
Listing 6.18: HL/SQL program to use EXTEND function 



In Listing GJ8, we have used ihe extend method m all three ways— lhai 15, without any 
parameter, with single parameter (2), and wilh Iwo parameters (2, 3). 

We have used the COUNT method after ihe EXTEND method to display Ihe lotal number of 
elements in Ihe colleclion (here H is a varray) each time Ihe elements are extended. 
The output of Listing 6.18 is as follows: 
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TBIM 

trim deletes the elements from the end o£ the collection. This method can be used in the 
following ways: 

□ TRIM: 11 deletes a single element from Ihe end of a collection. 

□ TRIM (n): It deletes n number of elements from the end of a collection. If n is more than the 
number of elements contained in a collection, then it raises SUBSCRIPT_BE¥0ND_COUNT 
exception. Listing 6.19 shows how it works. 

Listing 6.19t PL/SQL program to use trim function 



In Lisiing 6.19, first we have displayed the total number of elements in the nesied table by using 
COUNT method, and then we have trimmed the nested Table by one element using the trim 
method. After that we have again applied Ihe COUNT method on the nested table. 
At last H we have trimmed the nested table once again by using TRIM method with parameter. 
The output of Listing 6.19 is as follows; 



DELETE 

DELETE is a procedure, and it is used to defele elements from a collection. This method can not 
be applied on the varray collection type. Using the DELETE procedure, unlike TRIM which 
deletes elements from the end of the collection, you can delete any specified element from a 
collection. 

This procedure can be used in the following ways: 

□ DELETE: It removes all elements from a collection. 

□ DELETE (n): It removes the nlh element from a nested table or associative array with a 
numeric key. If the associative array has elements of string type, then the element 
corresponding |o that string type is deleted. This meihod does nothing if n is nulL 
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J DELETE (m P n); It removes all elements in ihe range m to n Iroin a eorteelion- ihh method 

will do nothing it m is larger than n or they are null. Listing h. JO shows how ii works. 
Listing 6.20: f'L'SQI program (n use " ELET/. Ilihe tion 

S0.L> SET SFRvEROUTPlfT ON 
DECLARE 

type esal table of nuhber C?) nqt NULL; — Defining nested table collection 

C esal; -- Declaring nested table collection variable 

BEGIN 

c : = esal {SOOQ, 5500,6000, 6500,4500); - initializing nested uble 
DBMS_QUTPUT.PUT_LINE (' Total number of elements in nested table is ' | | 

COUNT) ; 

c r delete W): — U5i n.g Delete wi th single parameter 

ohhs._output. PuT_LlNE (' Total number of elements after removing second element 
is ' 1 1 C. COUNT); 

C r delete (3, 5): using delete with specific range of parameters 
DBMS_OUTPUT L PUT_LlNE (' Total number of elements after removing □ range of 
element is ' II C. COUNT); 

c. delete: -- using delete without parameter 

dbm5_output.put_line ( H Total number of elements after using delete without 

parameter is ' |[ count); 

end; 

/ 

In Listing f>.J<K ur^t ue h.ive displayed the total n Limber of elements m ihe nested table by usinp, 
the •:UU:. i method, and ihcri dole:oil (ho second element from ihe (able, and aji<iin applied (ho 
O W.T method In displav tht 1 1 mini uf elements in. ihe nested table. 

Nov* wo usl" ihe j'-L^.\.'.. method to remote (he speciiic rnnjje oi elements lrum the table and 
dii.'Mri uKe the ."OJti'i method Similarly, wv ha\e .iji.iiri used the I. - method without anv 
parameter and then ihe ( nunt method lo display (he town once ag.nn. 
The output of Listing 6,20 is as Inlloivj.; 

Total number of elements in nested table is 5 
Total number of elements after removing second element is 4 
Total number of elements after removing a range of element is 1 
Total number of elements after using delete without parameter is o 
PL/SQL procedure successfully completed. 

With this ue complete discussion on toll eel ions, and irsinp collection melhods. In using 
c olli'i linns we h^ve some luiiilalioiis sin h .is we t , in only usi' ihe elernerils ni same dalalypes 
So, in cases ivhen there are different datatypes, vou can use Records — a composite da id strut ture 
in I'lAQI . Lei's understand in del.ni about t'L/SCJL ret.ords. 

Working with PL/SQL Records 

Record is a r oinpnsite data structure, whir Ii contains more Jhan one element that may or may 
not have the s.imc datatype bu( has its own value. Conceptual lv, returd* .ire similar In the rows 
in a database (able and are used lo represent logical K relalcd informal ion. Let's study about 
defining ret olds in delail. 
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Defining and Declaring Records 

To define a record, first you need lo create its RECORD type and then declare record of that type. 
To declare a record, you can also use %rOwtyfe attribute lhal represents a row in a database 
table. Record type is defined and declared in the declaration part of a PL/SQL block, 
subprogram, or package. You can also specify KOT NULL constraint and default values to fields 
in record when creating your own record type. 
Syntax to define a record is: 

type rec_na™e is record (fieldLname datatype mot null := defau~Et_valije, 
fiflld2_naiw datatype. __..); 

In this syntax: 

□ rec_name represents the tyjie name that specifies I he record. 

□ f ieldl^name represents t!;e L,.-,, freld name. You can create as many fields as you wish. In 
the preceding syntax, we haw? shown two fields 

□ DATATYPE represents any PL/SQL datatype except PEF CURSOR. 

□ NOT NULL is optional, but whenever it is used, it must be initialized with some default 
value; otherwise, Oracle will generate [he error NO r l-J'J L.L must have an initialization 
assignment, 

Listing 6.21 shows how to define and declare PL/SQL records. 
Listing 6.21: PL/SQL program To define and declare records 



In the Listing 6.21, first we have defined a record, and then we have declared a variable of that 
record type. 

We have also declared a record variable to represent a row in the database table. The table we 
have used here is de;pt. Before creating a record variable to represent a row in a database table, 
you must ensure that the table esiats in The daiabast, else Oracle will generate an error 
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Output of the Listing is as follows: 

Pi/SQL procedure completed successfully 

After defining and declaring the records variables, you have 10 assign some values To Those 
variables Lei's discuss (he process of assigning values Co records variables 

Assigning Values to Records 

5yntax To assign values in record variables is: 

rEC_var_name.fi el driflme:- value; 
In [his syntax: 

□ rcc_var_nauio represents the name of record variable. 

□ f ieLcin£ine repliants (he njme {if The field for which [be value h,i5 lu be assigned. This 
field can be the one whicb h used during 'Defining Record' or can be rhe name of a column 
in Ihe database. 

□ Value represent any value lhal you vvanl \u assign to I be corresponding field. Before 
assigning any value lo its corresponding field, you rnust ensure that il is in proper formal. For 
example, if you assign siring type value [o Ms corresponding field but the actual datatype of 
ibai field is nor of siring ivpe, inert Oracle raises the error identifier must be 
declared. 

Listing 6,22: shows how lo assign the values to records 



130 



Chapter 6- Understanding PL/SQL QyUeclions and Re(urd$ 



In Ihe Listing 6.22, we have assigned values lo various fields using record variables rl and r2. 
Fields name used wilh [he variable rl are already defined during 'Defining Record' while Ihe 
fields name used with variable r2 are (he name of columns in dalabase (able. 
Output of (he Listing 6.22 is as follows: 

PL/ SQL procedure completed successfully 

After assigning ihe values, you can perform operalions such as inserting and modifying (he 
database table using records. Now, we move ahead To know how (o insert a row in Ihe dalabase. 

Inserting Records iota the Database 

Records can help you insert a complete tow in database table by using a single variable— the 
Record variable. Wilh records, you have to specify only the record variable with Value clause 
instead of specifying all fields wilh Ihe Value clause. When you use records, il increases 
readability and maintainability of your PL/SQL program. Before inserting any value in a dalabase 
tabfe using records, you must ensure that Ihe numbers of fields in the records are same as the 
number of columns in the database table and lhat too ol compatible datatypes. Listing 6.23 
shows how to insert a record into a dalabase. 
Listing 6.23: PL/SQL program to add records into the dalabase Tables 
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-- Assigmg values to record variable used to represent the rows in database 
table 

r2,0EPTN0 := 30; 

i"2 . DNAME 'Quality'; 

rZ.LOC := 'Old Delhi 

jmsebt ihto eup vaiu££ rl; inserting record ( a ro*) m table ENP 

insert into dept valuer r2 ; -- inserting record ( a row) m table DEPT 
END; 

/ 

In Luting (> 1 w t» have inserted [wn rei imk in Kvfi dillerent tables ?.'-'."? arid h^" ""i bv using 

hvi ' 'kNcrenl re< ords. 

1 lir output ■" nr I isim^ (»._! 5 is .is Inflows: 

PL/irjl. procedure successfully completed. 

Nou , to £ iut k wheihiT llii'M' ret ords h.ivi' been rr>s<.TH"ii in the E.iNe or nni. wm < .in ever utc Thi." 
S f ill(3[lltl|l | 

Lot's, underhand hi ay Tu update database Lr^i ret ords. 

Updating a Database with Record Values 

Records ^1 so alJou vou to moditv .1 complete row in a database table by using a Record \ariable. 
For up diUin^ a leeord \olj need to spei ik a record variable with clause instead of 

^jjL'Lii) ui^ .ij] I i-tj 1 1 tvilh .' if.buse. Isi ■ f\ .. n ' upd.itrnji any talne in ,i database t.ihle lining 
records, uni must ensure ih,u the Tiumbei ot iields in the lei oruk musl be same as the number ni 
eolumns in the database table and thai loo ot compatible datatypes You < .in use "»:. w keyword 
In represent an entire row. Listing b.lA shows how to update a record rnto the L^lL'T database 
table. 

Listing 6.24: fl/SCJL program to update a database u ith record valuer 

5.QL> DECLARE 

r2 DEPT*R£W[YP£; 

BEGIN 

r2,DEPTN0 :- 70; 

r2 . DNAME 'Production' ; 

r2.LDC :° 'old Delhi ' ; 

update dept Set row = rl where dept no = 70 ; — updating the dept table 
END; 

/ 

On executing the code shown in Listing (y.lA, uhi gel the ml lowing output: 

PL/S.QL procedure successfully completed. 

5ii ihis \i how \ou can update .1 datable table b\ iisimi retord 1 !. With (his we conclude our 
disc us"; ion on PI /SQI rei ords and to flee tions Aflcr c um^tctmi* this 1 hapter, vou should he .ihfe 
to use £ oil t'i lions and rec ords in \our PI "5)Q1 programs and with database lahles. 
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Chapter Uiuitn-tJiuiittg PI iSQl- Colkxlio"? mid Rrn'ordj 

Summary 

In (his chapter, we studied; 

□ PLSQL collections types 

□ Defining and declaring collections 

□ Initializing and assigning collections 

□ Using various collection methods 

□ P17SQL records 

□ Defining and declaring records 

□ Inserting and updotins the database rows using I'lyStJL records 
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Cursors are used lo refer lo a particular SQL transachon, which involves processing of 
particular SQL slalcments. Cursors are usually used to execute complex queries On a result 
sel. A cursor individually retrieves the contents of each row in a rowsel within Ihe context of 
SQL statements; And .ivoids the use of array to load data from a rowsei imo The array. You can 
greally improve the performance of vour application bv replacing a select statement with a 
cursor. When you execute a SELECT statement, a portion of memory is allocated to store Ihe 
parsed represcniation of the select statement in a PL/SQL block PL/SQL has a provision lo 
point to Ihis portion of memorv bv using cursors. This portion of memorv is known as context 
area. The context area contains the rows returned bv a SELECT slalement. 
In this chapter we will discuss about cursor, its types, how cursors are used lo fetch and 
manipulate rows, cursor amihuies and cursor variables. 

Introducing Cursors 

Cursors are used to manipulate data of many rows and it is also used as temporary work area in 
which you can store result of the SQL statement. The cursors are used as sequential files. To 
manipulate cursor, you have to open ihe cursor using OP^rJ statement. You can fetch the rows 
from cursor using rETCr: slatemeni. Alter fflthmg (he rows, Ihe cursor is closed using CLOSE 
stalcmcnl. Several queries arc processed by opening multiple cursors at a lime. 
PL/SQL support*, iwo types oi cursors: Implicit Cursor and Explicit Cursor. This classification is 
based on whether ihe cursor is user defined or not lei us take a brief lor>k at both lypes of 
cursors. 

□ Implicit Cursor: 11 is the cursor (hat Oracle internally opens when you issue SELECT .. 
INTO or any DML statement. PL/SQL uses lhi£ cursor Jor all SQL DML slateinenls and 
queries which relurn onlv one row Two most uimnirn exceptions; tfO_DATA_FOUr-JD and 
TOO KANY ROWS raised in case ol Implicit cursors. 

□ Explicit Cursor: It is c. ursnr thai you can define in your PL/SQL program. This cursor is used 
when any query returns more than one row. Vou can declare explicit airsor in declaration 
parr of PL/bQL block, sub program, and package. We are going To use explicit cursors rn the 
rest of this chapter. 

After understanding what are cursors, now we are going lo cover implicit cursors in detail in next 
section. 

Understanding Implicit Cursors 

PL/SQL automatically provides an implicit cursor when you execute an UPDATE. DELETE or 
INSERT statement in your program. Upon executing SELECT statement, PL/SQL employs 
implicit cursor (or SELECT statement only when Ihe stalcmenl returns a single row. This cursor is 
called implicit cursor as Oracle itself carries out open, fetch and close operations for this cursor. 
Vou cannoi programme ically handle these operations of implicit cursor. See following code 
smppel in which implicit cursor is creaied 
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In this example, the update statement increments the basic salary of employee wilh emp na 
100 by 1000. PL/SQL automatically creates an implicit cursor to recognize set of rows in table 
e_detail changed by update statement. 

See Listing 7.1 which shows single-row Select into statement. Here, implicit cursor is also 
created. 

Listing 7.1: Singfe-row SELECT INTO statement 



As shown in above example, SELECT statement is a single-row query. This statement returns the 
total of salaries of all employees in EMP Table. 

In case select statement returns more than one row. you need to use explicit cursor. 



Limitations of Implicit Cursors 

You can also use an explicit cursor for a single-row query. Following are the key limitaliuna of 
implicit cursors: 

□ Low efficiency 

□ Error prone 

a Low programmatic control 

Let's discuss each of these limitation in detail. 

□ Low efficiency: In PL/SQL version 2.1 and earlier, execution of explicit cursor is faster than 
that of implicit cursor- The reason is that execution of implicit cursor is based on standard 
execution of a SQL statement. Oracle's SQL follows ANSI standard. This standard enforces 
single-row query to perform two fetches. The first fetch returns desired row. The second 
fetch checks whether single-row query has returned more than one row. In case, rowset 
contains more than one row, tOO_hahy_rows exception is raised- The reason of low 
efficiency of implicit cursor is due to this second fetch. While, if you contain single-row 
query in explicit cursor, there is need to perform only one fetch. 



a Error prone: We see an implicit SELECT statement may raise TOO MANY ROWS exception 
in case when more than one row is returned. This situation can occur anytime after 
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In preceding code snippet, eno is formal parameter. You can provide its value at runtime. The 
eno formal parameter is IN parameter, so you cannot return values in actual parameters. You 
cannot impose NOT NULL constraint on formal parameters. These" formal parameters can be 
referred only in specified query. Thus, the scojie of a parameter is local to cursor. Suppose you 
open the cursor as: 

OPEN clC.102); ■ ~~ 

The cl cursor contains the row corresponding to eir.p_no 102. II we do not pass any parameter, 
then it takes default value 101. 

Opening Explicit Cursor 

You need to open the cursor before fetching rows from it. Opening the specified cursor executes 
the query and selects the rows which satisfy query criteria. The syntax of PL/SQL slatement used 
to open the cursor is as follows: 

open cl: 

A portion of a program which opens the cursor cl is shown in Listing 7.2. 
Listing 7.2: Opening a cursor 



Listing 7.2 declares a record z using ^ rowtvpe to contain the rows ot cursor cl. We require 
record variable z as we are going In use it when we will fetch ihe rows. Above listing is 
example of opening cursor without parameters. 



Girsor: can be opened only in EXECUTION or EXCEPTION sections of Nock. 



You can also use named notation for passing parameter. For example, to open cursor with value 
101, you can use open statement as following: 

open clCeno => 101): 

If you want to pass more parameters say X. Y to cursor, you can write open statement as 
following: 

OPEN C2CX ->5 ,V->1<» \ 

Obtaining Hows from Explicit Cursor 

FETCH statement is used to fetch or obtain rows from cursor. You can manipulate only current 
row out of total fetched rows. When a fetch siatement is execuied, cursor pointer moves to 
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next row. The FTITCH statement should put data in variables having compatible datatypes. 
Therefore, you shojld use ^TYPE and %ROWTYPE attributes for declaration of these variables. 
You can fetch an er tire column into a single variable in the following manner: 



To fetch values of multiple columns of current of a cursor, you need multiple variables. For 
example: 

FETCH c2 INTO eno.deptno; 

In this example, variables eno, deptno must have compatible datatypes with corresponding 
columns of a table in SELECT statement of cursor c2. These variables must occur in the order 
that appears in the SELECT statement. The rows, which are fetched in the cursor, are decided 
on existing conditions such as values of variables used in the SELECT statement at the time of 
opening the cursor. See Listing 7.3 which uses the FETCH statement. 
Listine 7.3: Fetchinu rows from a cursor 



Urhoberrechillch rjeschuotes Biid 



In the above example, when cursor is opened, the value of eno (also called bind variable) at that 
time is 101. Therefore, all the rows are selected having emp_no equal to 101. Even if you 
change the value of eno later on. still the rows fetched from the cursor correspond to value 
emp_no equal to 1 01 . This is because rows are defined at the time of opening the cursor. If you 
want to fetch the rows for enp no equal to 102, then you have to close and reopen the cursor 
again. 

Closing Explicit Cursor 

After manipulating rows with the help of cursor, you must close it. You can close the cursor 
using CLOSE statement as shown in following syntax: 
CLOSE cl; 

When the cursor cl is closed, any other resource such as memory associated with it is released. 
Oracle puts limit on maximum number of cursors which can be opened simultaneously. The 
default KAX_OPEN_CUBS0R initialization parameter determines this limit. You can also change 
the value of this parameter. 
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You must close the cursor. In some cases, a program may do abnormal exit due to error in 
statement. Therefore, the cursor may remain open. In such case, the programmer has to ensure 
that the cursor is closed. You can do so by writing exception handler for exception OTHERS. 
Example of such a code is shown in Listing 7.4. 
Listing 7.4: Closing a cursor 

Urheberrechllich geschirtuas Bild 



In the above example, we used exception handler for OTHERS which is executed in case of error 
conditions. Closing the cursor in both normal and abnormal termination is the duty of 
programmer. 



rU* 



You cannot perform any operation such as FETCH on dosed cursor as it raises exception INVAI 

Let us understand explicit and implicit cursor attributes to know information about current row 
of cursor. 



Cursor Attributes 

Cursor attributes provide 
using following syntax: 



I in PL/SQL statements not in SQL statements. 

Explicit Cursor/ 

As we know PL/SQL programmer defines explicit cursor. Each cxpticil cursor is having four 
attributes % FOUND, %ISOPEN, %N0TF0U1JD, %ROWCOUHT. 

For example, if a cursor name is rl and attribute is 1. FOUND then it is referred as: 

Lef s now learn about each attribute of explicit cursor with an example. 
%F0UND Attribute 

The %FOUND Attribute provides information about the recent fetch operation. If the recent fetch 
statement results into successful fetching of row, it returns TRUE. Otherwise it returns FALSE. If 
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U^til; 111!-- .i Lf rihuli.'. vrur t.ln Construct COndilion lor ...-.CO? Inr k'khirg rnws Irom 

cursor. i(.v Listmq 7. ii tor use ol iFOUNO in HHILS LOO?, 
listing 7. ft; < «■ nf . fi"".;h? attribuiL> in while icop 



142 



Chopin 7: UntitrrsSitnditrg Cursors in PL/SQL 



Before using cI^fOuno, at least one fetch statement should be executed. Before WHILE loop, 
one fetch statement is required. Inside KlilLS loop the FETCH statement is also required lo 
fetch rows one by one from cursor, while loop is terminated when cither h&t felch operation is 
unable lo felch a new row or counter variable cm equals to 5. 
Here you can sec the oulpul of the Listing 7.6 
Output 

The fifth BiaKinun basic salary is 7000, 
PL/SQL procedure successful ly completed. 

On executing Listing 7.6 on *iSQL Plus will dispfay fifth maximum basic salary which is 7000 in 
our case, 

%N0TF0UND Attribute 

The ^nDtfOund attribute is complement of f found attribute. The Ujotfound returns false 
when t FOUND returns TRUE and vice versa. Like FETCH statement, "■, NOT FOUND returns NULL 
before first fetch statement. 

See Listing 7.7 which calculates number of rows in omp detail table using LOOP and 

4 NOT FOUND attribute. 

Listing 7.7: Use of ^NOTFOUND attribute 



In Listing 7.7, exit>when statement will execute when fetch operation is unsuccessful which 
makes condition cl^iJOTFOUND of this statement TRUE and loop terminates. After closing the 
cursor cl, value of cn- which represents total number of rows displayed using PUT LINE 
function. 

Here you can see the output of the Listing 7.7. 
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Output: 



On executing Listing 7.7 on *iSQL Plus will display total number of rows in emp_ 
which is 5 in our case. 

%IS0PEN Attribute 

The fclSOPEN attribute returns T ' " " ' ' ) it returns FALSE. It is 

global cursor when the programmer is not sure whether cursor is opened or not. 
code snippet which checks whether cursor is opened or not: 



The cl % ISO PEH condition evaluates to true when cursor cl is already open or not, if 
cursor cl needs to be opened. 

%ROWC0UNT Attribute 
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tn Listing 7.6, we access ihe value of %rowcount using cifcRGWCOCJNT expression before 
opening the cursor cl, after first and second fetches. We also tried To access it after closing The 
cursor cl that raises the exception invalid_cursor, which is handled by exception block. 
Here you can see the output of The Listing 7.8 



On executing Listing-7.8 on *iSQL Plus, you will get above output. The first line of ouTput will 
display Total number of raws fetched after opening the cursor. Second and third tines total 
number of raws fetched till first and second fetch operations. Accessing SROWCOUNT attribute 
after closing the cursor cl will raise INVALID CURSQR exception which is handled by 
exception block. In exception block, we display a message You cannnot acces 
%ROHC0UNT attribute after closing the cursor cl to user 
See table 7.1 r which summarizes Ihe values of all explicit cursor attribute* in different 
conditions. 



Implicit Cursor Attributes 

Implicit cursor attributes are used to rest oukonie of any LJML or E."~ . i:jtc statement 
The (jUrilmtes always refer in recent MJl statement. II lhere is no SQI statement before use nf 
these attributes, the attributes are having NVLI values. Implicit cursor iiMnbut<_'5 i n c I ucIl' 

SQI- FOUND, E£T. ^TPOJMD, SC^ TSOPrN, and r^T RQ^OO i.'TJ?. In all thcf-e attributes, the 
name of cursor is SQL Wo are now explaining each implicit attribute. 

SQL%F0UND Attribute 

The ZQL .FOL'NL attribute relume TPL'I U any statement such as INwLk:, -ilLiiTE, UitiAli or 
SLLLC'l' affects at least one row. Gtherv-ise (his attribute returns lAli;^ Before execution of 
these statements, it n'tum^ doll. See Listing 7.4 whii h shows the use nf 3Qi, t v JVN; ^attribute. 
Listing 7.9: Use or $0- frO JN2 attribute 



In Listing 7.9, we increment the basic salarA of an empkivoe wiiJi e:np ro tOl bv 50U0 using 
UPDATE statement and then use 3 ..[.- E^j'Jt;^ attnhuio to know whether JE-rjA'iE statement ^ 
successfully executed. 
Following is llic output of the Listing 7M. 

Required record is affected. 

PL/SQL procedure successfully completed. 

The SQL': kound attribute ahvavs reters to recent SQL statement. See Listing 7. 10 which lolls the 
effect on value ni ^Ql ^VO'iKI" attribute in PL'SQL program ihat involves a procedure call 
listing 7,10; Effect nn value ni SQL. . FOUND attribute 
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InLrsling 7,10, ca learnt is a procedure ca 1 1 and SQL % FOUND attribute refers to SQL statement in 
procedure calcamt- 

If you want Id refer lo update staiemeni, you need lo store ihe value of SQL^FQUND in some 
variable as shown in Ihe following code snippet: 



In Ihe above code snippel, x is Boolean variable jsed lo store the value of SQLi FOUND attribute. 
SQL%N0TF0UND Attribute 

H performs opposite operation of SQL^FOUnd attribute which means if SQl&fOUND returns 
TRUE, SQLfcNOTFOUND relurns FALSE. 

When a select „,into statemeni does noi return any row, it is useless lo use sql%nqtfound 
because ihe statement raises exception no _d AT A_FO U N D, However, when group funciion is 
used in SELECT...INT0 statement, then exception >K)_DArA_FOu'ND is never raised as group 
funciion always returns a vafue or a null. The IF condition involving SQL'sttOTFOUND attribule 
is always checked but it is also not TRUE in this case. Listing 7.1 T shows the use of 
SQL%KOTFQUND attribute if you are using only exception handler OTHERS then you can use 
SQL! found attribute shown in llsilng 7.10. 

Listing 7,11: Use of sql*notfound attribute 



Listing 7.1 1 uses group function MAX in SELECT INTO statement to find maximum salary from 
empdetall table. This statement returns a row whether emp_deat.il table does not contain 
any row. Therefore, IF condition is checked and control does no! go to EXCEPTION block. 

SQl%ISOPEN Attribute 

Oracle closes Ihe SQL cursor or implicil cursor when execulion of a query completes, therefore, 
SQLllSOPEN attribule always returns FALSE value. 
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SQL%ROWCOUMT Attribute 

The SQLfcROWCOUNT attribute returns number of rows affected by INSERT, UPDATE, or DELETE 
statement. If no rows are Affected or SELECT .INTO returns no rows, then the value of 
SQLlROWCQUNT is zero. When SELECT. INTO slalemen! returns more [han one row, [her 
exception too_many_roks is raised and jrowcount returns value not the number of rows, 
which satisfies the condition. Suppose you want lo perform an action if more than 20 rows of a 
table are updated You can perform this action using SQLIROWCOUNT attribute as shown in the 
following code snippet: 



[f affected number of rows is greater than 20, statement A will execute. 
Let us discuss FOR LOOP which derives after concept of cursors. 

Cursor FOR loop 

A cursor FOP loop is a FOR loop associated with an explicit cursor. You need to use cursor FOR 
loop when you want lo fetch arid process each record of cursor. The concept of cursor FOR loop 
originated based on ihe general way a cursor is used. You usually need lo perform the following 
steps for using a cursor. 

1. Open the cursor using 0?EN statement. 

2, Begin any LOOP statement. 

X Felch a row from cursor using FETCH slatemenl. 

A. Check whether another row exist in cursor using % FOUND cursor attribute. 

5. Manipulate the data of fetched row, 

6. End the opened loop. 

7. Finally, close the cursor. 

Hence, general usage of cursor enforces to introduce concept of cursor FOR loop. The cursor 
for loop implicitly performs moat of these sreps and hence reduces the code you need to wrile 
for fetching data from cursor. See Listing 7. 1 2 which shows use of cursor FOR loop. 
Listing 7.12; Use of cursor FOR loop 
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In Listing 7.12, we declared a cursor cl associated with some query. Loop index z is 
automatically declared with data type clSROWTYPE. The records are fetched one by one. The 
fields of automatically declared record z store the value of the row, which is fetched from the 
cursor cl. Inside the FOR LOOP, we accessed emp name field of record z. 
Here is output of Listing 7.1 2 



Urheberreehtlch geschutztes BiW 



On executing Listing 7.12 on iSQL'Plus workspace, you will see names of all employees from 
emp decail table. 



j cannot use the name of cursor e.g ct in the enclosing FOR LOOP. 



You can substitute query associated with cursor cl in place of its name in FOR LOOP. See 
Listing 7.1 3 which substitutes cursor query in FOR LOOP. 

Listing 7.13: Using cursor query in FOR LOOP 



Urriebcrrocntlich geschutztes B»d 

In Listing 7.13, we added the salaries of all employees one by one in FOR LOOP. Then, we use 
PUT_LINE method to display sum of all salaries. 




When you execute Listing 7.13 on iSQL'Plus workspace, you will get total (73500 in our 
easel printed on iSQL'Plus. 

The parameters are passed to cursor after the name of a cursor in FOR LOOP. See Listing 7.14 
which uses parameterized cursor cl in FOR LOOP. 
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Listing 7.14: Use of parameterized cursor in FOR 1X>0P 



The Listing 7.14 passes parameter deptno equals to 40 to cursor cl. The cursor for mop 
all employees Thai belong (o department number 40. 
Here is output of Listing 7.14. 



When you execute lisling on iSQL'Plus workspace, you will gel names thai 
department number 40. In our case, three employees Mandeep, Deepak, and 
displayed. 

After understanding cursor FOR loop, Let's discuss cursor variables which act as pointers to 
result set of cursor and can be passed io PL/SQL stored programs. 

Cursor Variables 

Cursor variables are used when you want to use cursor facility buf do not want to bind cursor to 
a specific query. The cursor variable points io current row in the result < "' '>f the query just like 
the cursor. The difference between cursor and cursor variable is thai a cursor is bound io only 
one specific query while cursor variable can hold many compalible queries. Cursor variables 
can be passed as formal parameters to subprograms such as procedures or [unctions. You can 
also open a cursor variable in a subprogram and process it in another subprogram on server side. 
Data type of cursor variable i* REF cursor, ref cursor lype may lie strong or weak. In case 
of slrong REF CURSOR types, PL/SQL compiler rissociaies cursor variable io queries that 
generate correct set of columns. In case of weak REF CURSOR types, PL/SQL complier can 
associate cursor variable to any query. If you arc using same REF CURSOR type in every 
subprogram of an application, you can declare ?.Z: cursor type in a package body. 
To declare a cursor variable, first you need to create REF CURSOR type in any PUSQL block, 
subprogram, or package. Then you can declare cursor variable; of created pff cursor type. 
5ee following code snippet which declares a cursor variable: 
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In the above code snippet, empcur is strong REF CURSOR type as it specifies return type 
and gencur is weak REF CURSOR type. Therefore, corresponding curl and cur2 are strong 
and weak cursor variables. 

You can control cursor variables using OPEN-FOR, FETCH, and CLOSE statements. The 
statement OPEN FOR associates query with the cursor variable. It is having following syntax: 

You cannot pass the parameters in the OPEN-FOR statement. Similarly, the select statement 
should not use FOR update clause and can refer PL/SQL variables, parameters and functions. 
The OPEN FOR statement opens a cursor variable lor different queries. After opening a cursor 
variable, if it opens again for a new query, then previous query is lost but if a normal cursor is 
opened again, it raises predefined exception cursor_already_open. 

Just like explicit cursor, FETCH statement is used to fetch data from a cursor variable. Following 
is the syntax of FETCH statement which is similar to that in explicit cursor: 

FETCH <cursorvaraiblename> 
INTO <variable list> 

The variable list should have compatible variables as opened cursor. 

The rows in result set are also determined at the time of opening the cursor. If you want to 
change set of rows, reopen your cursor. 

In case of weak type declaration, you should use appropriate types in FETCH statement as error 
occurs at runtime. Therefore, weak type can generate ROWTYPE_MISMATCH exception which is 
raised when values of actual and formal parameters are incompatible. You need to make an 
exception handler block for this exception and use proper data types to ensure no loss of rows. 
In case of strong type, error occurs at compile time. 

If you use procedure for fetching the cursor, then variable should have IN declaration. If 
procedure both opens and fetches rows, then it should have IN OUT declaration. 
When you execute a FETCH statement before opening or after closing the cursor, exception 
INVALID_CURSOR raised. 

Just like explicit cursor, CLOSE statement used to close cursor variable. 
See Listing 7. 1 5 which shows the example of strong cursor variable. 
Listing 7.15: An example of strong cursor variable 
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Listing ?A5 first declares the re: -ype record having two fields enanie and edes. Wo first 
created strong reference type :n:_nm_[7pe with rekirn type rec type and declare cursor 
variable eur_riu,a of cu t_norr_type. Then we open the turgor variable for speciiied query, 
fetch the rows into record z and access the njme iind designation of each employee one by one r 
Here is output of Listing 7. 1 5, 



When you eaecule Listing 7,15 on iSQL'Hus workspace, you will ■-ee n,ime and designation 
of each employee in new lines. This example also prints the number of records retrieved into 
Cursor cl . 

See Listing 7. 1 f> which shnws the use of weak cursor variable. 
Listing 7.16: An example of wejk cursor variable 
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Here is ouipui ot Listing 7,1 ft; 



When you execute? Listing 7.1 b on iSQL'Plus workspace, you will see above output. We divide 

Ifiis nutpul inlii Iwo pars:* >inrj e H ich ciulpul begin> wilh a line of ils dc-sc ript]r>ri. 

Vou can pass cursor variables as a parameter lo procedures or functions which manipulate them. 

See Listing 7, 1 7 which shows the use of cursors and procedures. 

Listing 7.17: Passing cursors ro procedures 



The Listing 7.1 7 declares a strong cursor variable emp of eirp_cur_typ PEF CURSOR type. In 
excculion seclion, wo opened the cursor variable emp for two separate SQL queries and pass 
each opened insiance to procedure procesjs_enp cu. The procedure only accesses and prinls 
the names of employees satisfying each SQL query. 
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Here you can see the output of Lisling 7,17. 
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When you execute Lisling 7.17 on iSQL'Plus workspace, you will see iirsl names of employees 
which belong to technical wriling departmenl and then names of employees which joined in 
ABC organization after 1989 . 

Let us utideistand cursor expressions thai are used lo execute complex queries. 

Cursor Expressions 

The cursor expression returns nested cursor specified by cursor query. The syntax of cursor 
expression is as follows: 

CURSOR (sutiqiiery) 

The subquery which generates a result set that contains values (of simple data types such as 
NUMBER, CHAR) and cursors generated by cursor expression. If you want details about inner 
cursor, you need to use nested loops which first fetch data from rows of result set and ihen felch 
data from rows of inner cursor which is presenl in result set. 

Vou can write cursor expressions in explicit cursor declarations. REF CURSOR declarations and 
ref cursor variables. 

You need not to worry about opening the nested cursor as il rs implicitly opened when rows 
fetched from the parent cursor. A User can close nested cursor explicitly or il is closed 
automatically in following situations: 

□ When user reopens the parent cursor 

□ When user closes the parent cursor 
O When parent cursor is cancelled 

a If an error arises when executing FETCH statement on parent cursor, nested cursor closed 

during clean up operation. 
See Listing 7.1 8 which uses cursor expression. 
Listing 7.18: Using cursor expression 
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Thi' I isTiriii T.XPi finds ili-fMrlrwrir nirmbi'r ,is .in I ' -uu\ t ur*' iv limn whit h w t 1 [.in irk h .ill lh>: 
employees' s names in a specific Hepanmenl Ynu ran arce 1 ^ olhcf details ni .1 particular 
employee with rhi- help ot inner cursor. 1 he cursor r__ :s parent cursor Inner cursor 
crip dciail automatically opened when the parenr rnw is [etched Note 1 that we h^ne rlo^t'H 
only pare.nl cursor rl. 
Merc is output ot Lsting / 1 ft. 



When voli execute Listing 7. IS on iSQL'l-'lus workspace, vou will ftet employees belonging to 
fi.iru< n\,u <J ff j H i rt rt iE. fc fi L . In ruin ( w, we employee's ri.imes ul ; P.- 1- A l" . ■ i \"A I drfUrltiierit. 



Let's, facilitate locking an row; ol cursor using ::h.LLt"T . : "ii- UM'Ai :- ^Mtmirjii so ih.il nihrr 
users cannot change (host 1 rows anr] perform rrunipul.iiiniis on rowi u\injj MI^T ru^k^N'!' 
OF clause. 
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7. 



Cursors i" 



FOR UPDATE in Cursors 

are now implementing row level locking in Cursors. In row level locking, rhe row which is 
read or modified is locked. The row level locks are finest locks as compared lo Table level 
A locked lable or row is known as lock object and stored in lock control block in shared 
. When you execute a SELECT query or [he database, (here are no locks on retrieved 
or rows. By default, only those rows are locked which are charged but are still nor 
Sometimes you want to lock some records before you change them in a program, 
provides the FOR UPDATE clause of SELECT statement to perform this locking. 

,., FOR UPDATE statement is executed to obtain exclusive locks on rows selected 
by SELECT statement. You can charge these records as each row is fetched from the cursor and 
any one else cannot change them when you perform ,1 ROLLBACK or a COMMIT operation. This 
statement can be qualified or not. The qualified select , for update statement specifies OF 
list with it. We are first using unqualified select for update statement. 

Listing 7.19 which uses unqualified select for update siatement. 
Listing 7.19: Use of unqualified SELECT FOR UPDATE statement 



In Listing 7,19, the cursor cl uses unqualified for UPDATE clause. When you execute this 
code snippet, no oiher user can change any selected rows. 

Let's now use qualified Select for update staiemeni. The of list of for update clause 
specifies list of name of columns of table. The OF list reminds you what you want to change. Stilt 
The all rows identified by SELECT FOR UPDATE statement are locked. Usually, you need 
select for update staiemeni in case you are retrieving rows from multiple tables. 
See Listing 7.20 which uses qualified select for update clause, 
listing 7.20; Use of qualified select fop update clause 



In Listing 7.20, the cursor cl uses qualified FOR UPDATE clause. When you execule this code 
snippet, other users cannot change values of loc column that are contained in result set. 
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You can also associate a towait keyword 10 tor update clause. This 
Oracle lo return control immediately lo your program if a table is locked by another user. 
We are now performing update or delete operations on current row. The where 
clause is used inside UPDATE and DELETE statements to make changes to current 
from the cursor. The syntax of where CrjRRNT OF clause in UPDATE statemenlis 



The syntax of WHERE CURKNT OF clause in DELETE statement is as follows: 



In both syntaxes. WHERE CURRENT OF clause refers to cursor not the record which is to 
fetch the current row. The key benefit of using where current Of clause is that you do not 
need to repeat criteria in where clause in your cursor declaration and associated update and 
DELETE statements. In WHERE CURRENT Of" clause, you need to mention criteria only in 
where clause of select statement. See Listing 7.31 which uses where current of 
clause. 

Listing7.21: Using WHERE CURRENT OF clause 



In Listing 7.21, you are not referring to particular record in result set .The WHERE CURRENT OF 
clause with specified cursor enforce increment, or 5000 to basic salary of employee represented 
as current row fetched in record 

When you will execute select query on emp detail table, you will find basic salary of each 
employee incremented by 5000. 
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Summary 

In this chapter you learnt about: 

□ What an? turgors and their different types 

□ How to declare, open, fetch and manipulate rows and close explicit cursors 

□ Use of Implicit and Explicit cursor attributes 

□ Cursor FOR LOOP 

□ Strong and weak cursor variables with examples 

□ Cursor expressions 

□ Implementing row level locking in cursors and performing manipulations on rows of cursor 
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PL/SQL, like other programming languages, also provides subprograms (hat works as small 
building blocks and helps in creating and managing large applications very easily. A 
subprogram consists of a sequence of statements lo perform some specific task and also provides 
modularity. For example, if you want to calculate the length of a string or want to calculate the 
sum ol few numbers then you can create subprograms for that purpose. Once the subprogram is 
created to perform any specific task and also executed successfully then that subprogram can be 
called any where in the same application or in any other application. A subprogram can be used 
many times in an application thus it also provides the reusability. If you will made any changes 
in the subprograms then that changes will affect only that part of application where that 
subprogram has been called. Changes made to a particular subprogram will not affect (he whole 
application thus it makes the application easily manageable. 

in this chapter, we will discuss about the subprograms in details that is what are subprograms, 
what are subprogram parameters, how to overload subprograms, how lo use recursion with 
subprograms, etc. Let's start discussing subprograms. 

Overview of PI/SQL Subprograms 

in the chapter number 2 of this book, we had described PL/SQL blocks. PL/SQL blocks are 
broadly divided into two categories thai are anonymous block and named block, A PL/SQL 
named block is also known as PI/SQL subprogram lhat can be called anywhere in a PL/SQL 
application. PU5QL subprogram has following two types: 

□ Procedures 

□ Functions 

Let's study a PL/SQL subprogram separately as procedure and function. 

PL/SOL Procedures 

A PL/SQL procedure is a subprogram, which is used lo perform some specific action. Statement 
used to create a procedure is CREATE PROCEDURE, A procedure consists of two parts; first part 
is known as specification part and another part is known as body. Let's see the format of a 
procedure. 



Here in the preceding format the specification part consist of the following: 
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In this way we create a procedure. Lei's see Listing 8-2 To know how lo call a procedure 
PL/5QL program. 

Listing 8.2: Oiling a sample procedure 



In Listing 8.2, in the declaration seciion, we hive declared two variables; first to 

employee number lend) and Ihe second lo retrieve the employee basic salary ic_ 

In the execulion pari, we have passed an employee number in cnol; corresponding lo 

number ihe procedure created in Listing 8.1 letch the employee's basic salary. 

Then, we have t<illed the procedure created in Ihe Listing B.1 and has passed the 

thai procedure. 

After that, we have displayed the result. 
Let's see the output of the Listing 8.2. 



in this way, you can create and calf a procedure. Another pan of subprogram is function. Now, 
wo depict functions in PL/SQL. 

Pi/SQL Functions 

A PL/5QL funtiion is <i subprogram, which is used to perform some computations. 

used to create a function is CREftTE FUNCTION. A function is structurally similar To a 

procedure, except thai a function have RETURN clause. A function consists ot two parts; first part 

is known as specification part and another pari is kr.own as body. Let's see the format of a 

function. 
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Function like procedure has two parts-Specification and Ihe body. The specification part consists 
of the three parts; function name, parameter declaration, and return data type. Lei's see the 
specification part in detail as follows: 

□ fun_name: It is represenling the name ol the function. You can give any name to the 
function according to the requiremenl of your application and ease of remembrance. For 
example, if you want to create a function to calculate the sum of few numbers then you can 
name that function as sum. 

□ Parameter declaration: It consists of Ihe following ihree parts: 

• param.namel: It is representing the parameter name. You can specify any number of 
parameters you want or you can also omit the parameters. 

• para_mode: It is represenling Ihe parameter mode. Parameter mode can be in or out 
mode. If you will not specify any parameter mode Ihen in mode will be the default 
mode. 

• para_type: It is representing the data type of the parameter that can be of any PL/SQL 
provided data type. Here, you do not have to specify any constraints with data Type such 
as length with NUMBER and VARCHAB2 data type. 



Itboploml.Sapoc^edtKiKthiTK^p^^parertt^brwusKl. 

• returnjype: It is representing the data type of the return value and is specified using 
RETURN clause. 

This is all about the specification part of a function. Let's see what the PI/SQL function body 
consists of: 

□ Declaration pari: In this part, local variables are declared. Declaration part starts wilh is 
keyword and continues till the start of BEGIN keyword. 

□ Execution part: This part can have one or more PL/SQL executable statements. It should 
have one or more return statements with an expression that is in the form RETURN {cxprl. 
The expression should return the value of the data type mentioned in the return data type. 

□ Exception part: This is an optional part and can be aborted. This part contains the statements 
used to handle exceptions which are generated in PL/SQL function. 
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Lei's see the Li 



Shewing .1 sample Junction creation 
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In the Listing 8.3, we have created a (unclion named maxsal to retrieve the maximum 
salary earned by an employee. 

To do that first, we have declared a variable of type NUMBER, which is used to slore Ihe 
retrieved from ihe database lable. 

Then, we have used select statement with MAX function lo fetch Ihe maximum basic salary from 
the database table EMP_DETAJl. 

Then, we have returned ihe maximum salary relrieved through RETURN statement. 
Output of the Listing 8.3 is as follows: 



Let's see Listing 8.4 to know how to call a function. 
Listing 8.4: Calling a sample function 
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In Ihe Listing 8.4, we are calling the funclion created in Ihe Lisling 8.3. In Ihe Listing 8.4, 
have declared Iwo variables; ro_sal and disp. 

Then, we have called Ihe function maxsal in which we have passed the variable m sal as 
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Then, we have assigned (lie received value lo variable d i sp, which is Ihen used lo display ihe 
maximum basic salary fetched through the function maxsal. 
Let's see the output of the Listing 8.4. 

Highest salary in the table emp_detail is 14000 
PL/SQL procedure successfully completed. 

With this, we have ended discussion on Overview of PL/SQL subprograms. In this section, we 
have discussed about procedures and functions in which we have talked about parameters. Lei's 
continue our discussion by discussing subprogram parameters. 

Working with Subprograms Parameters 

PL/SQL subprograms (procedures and function) used parameters to pass the information between 
the PL/SQL programs and subprograms. Parameters are equally important as much as the other 
code in the program. You can use any number of parameters in a subprogram but be assured 
that the number and type of the parameters must have to be same in both: the subprogram and 
the program that will call the subprogram. Let's study the types of parameters. 

Types of Subprogram Parameters 

PL/SQL offers two types of parameters that can be used in subprograms. Those parameters are as 
follows: 

□ Formal Parameters: The parameter used in the implementation or definition oi subprogram 
arc called formal parameters. 

□ Actual Parameters: The parameter that we used in calling the subprograms are known as 
actual parameters. 

Let's consider the Listing 8.1 and 8.2 to understand subprogram parameters. In Listings 8.1&8.2, 
we have used parameters during creating and calling the procedure. Let's see that which 
parameters were formal and which were actual parameters in those listings. 
In the Listing 8.1, we have used create procedure statement with parameters to create a 
procedure. Statement used in the Listing 8.1 is as follows: 

CREATE OR REPLACE PROCEDURE salary (eno IN NUMBER, esal OUT NUMBER) 

The parameters eno and esal used in the above statements are formal parameters. 

In the Listing 8.2, we have called Ihe procedure created in the Listing 8.1. We have called the 

procedure as follows: 

salary (enol. e_sall): caling the procedure 

We have passed two parameters that are enol and e sal 1 inside the braces. These parameters 
are actual parameters. 

You must have noticed that during creating and calling a procedure, we have used a different 
name for parameters. It is not compulsory to use different name; you can also use Ihe same 
name. 

Whenever a subprogram is called the actual parameter is substituted in place of formal 
parameter. Thus, enol is substituted in place of er.o and e sall for esal. 
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Using Notation for Subprogram Parameters 

Notations arc the methods that are used to pass the actual parameters. PL/SQL provides three 
types of notations that can be used to pass the actual parameters in different ways. Those 
notations are as follows: 
Q Positional Notation 

□ Named Notation 

□ Mixed Notation 

Now, we discuss these notations in details. 
Positional Notation 

It is the notation in which the actual parameter should have the same position as of formal 
parameters. If you will change the position (hen Oracle will raise errors. In Listing 8.1, we have 
created a procedure named salary in which we have passed two parameters, eno and esal 
respectively. Then, we have called that procedure in the Listing 8.2. The notation, we have 
followed in the Listing 8.2 is positional notation. Here, you can see the way; we have used to 
call the procedure. 

salary (enol, e_sall); -- using positional notation HBH 

In this case, the formal parameter eno is substituted with enol and esal with e_sall. 

Named Notation 

In this method, the actual parameter is associated with the formal parameter using arrow (=> ) 
symbol. If you use this notation then the sequence of parameters does not matter. This notation 
enhances the readability and maintainability of your PL/SQL subprogram. 

Notation used in Listing 8.2 can also be replaced with named notation, if you do not want to 
follow the sequence. If you replace the notations used in the Listing 8.2 with named notations 
then, the excerpt having notation in the Listing 8.2 will be as follows: 

Mixed Notation 

You can use both positional and named notation in call. The positional notation must precede 
the named notation otherwise Oracle will raise error. In this case, the notation used in the Listing 
8.2 can l>e as follows: 

salary (enol, esal»>e_sall); using mixed notation 



Parameter modes are used to define the behavior of formal paramelers. Paramelers can be 
passed in three modes. The default mode for passing parameter is IN mode. If you will not 
specify any mode then Oracle will use the default mode. The three different parameter modes 
are as follows: 

□ IN mode 

□ OUT mode 

□ IN OUT mode 
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Lef s study these modes in details. We will study these modes in the same order as given above. 

IN mode 

This mode is used to pass the value to a subprogram. Inside the subprogram, IN acts as a 
constant and any attempt to change its value causes compilation error. The actual parameter 
corresponding to parameter having IN mode r-*n be initialized to variables, constants, literals, or 
expressions. Let's reconsider the procedure salary created in Listing 8.1. Statement lor that 
procedure is as follows: 

CREATE OR REPLACE PROCEDURE Salary (eno IN NUMBER, esal OUT NUMBER) 

In this procedure, we have passed the parameter eno in the IN mode and esal in the OUT mode. 

AUc 

OUT mode will be depicted in the next topic. 

Let's see Listing 8.5 to know how the actual parameter corresponding to parameter having IN 
mode (eno) can be initialized in various ways. 

Listing 8.5: Showing the use ot' actual parameter in context to IN mode 



Output of Listing 8.5 is: 

PL/SQL procedure successfully completed. 

In the above topic we have also talked about the OUT mode. Let's study what is that OUT mode, 
why it is used, and how to use this mode? 

Out mode 

This mode is used to return a value to the PL/SQL program that calls a subprogram. Inside a 
subprogram, the parameter having OUT mode acts as an uninitialized variable. Let's reconsider 
the procedure salary created in Listing 8.1 . Statement for that procedure is as follows: 

CREATE OR REPLACE PROCEDURE salary (eno IN NUMBER, esal OUT NUMBER) 

In the above statement, the parameter esal is of OUT mode. The actual parameter for OUT mode 
must be a variable. Let's see Listing 8.6 to know what will happen if the parameter for OUT mode 
is not a variable. 
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Listing B.6: Showing ihe use oi aciual parameter incontexiof out mode 



In [he Listing B.6, e_sail is the aciual paramerer and is a variable assigned with 
When you execute This listing (hen Ihe following output will be displayed. 



Bul r if you try lo execute this listing after removing Ihe commenl beside salary 
e_sall+2 ) ; Not allowed statement then you will get Ihe following error 



This error is irying lo convey that ihe aciual parameter for OUT mode must be a variable not 
expression or any oiher value such as literal, 

IN OUT Mode 

The IN OUT parameter is used to pass value lo a subprogram and for taking Ihe value out of a 
subprogram. Inside the subprogram, ihe parameters used with IN OUT acls like initialized 
variable. Thus, you can refer value of variable or assign il some other vaiue. 
The actual parameter for IN OUT formal parameter must be a variable. Ef any expression or 
constant is tried lo assign to actual parameter then Oracle will generate Ihe error. Let's see the 
Listing 3-7 to know how to use this mode. 
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In Listing 8.7, we have created a procedure sum to calculate the sum of two numbers. We have 
used a parameter a with IN OUT mode and is of type number. On executing the Listing 8.7, 
output will be as follows: 

procedure created. 

Now, wc call the procedure created above in Listing 8.8. 
Listing 8.8: Calling the preceding procedure 
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In the Listing 8.8, we have declared a variable B of type number and have assigned a value to 
this variable. 

Then, we have called the procedure created in Listing 8.7. On executing the Listing 8.8, output 
will be. 

Sum of the value passed is 20 

PL/SQL procedure successfully conpleted. 

This listing is executed properly because the actual parameter used is of type variable but if you 
will try to execute the listing after removing the comment beside sum (20) ,- then you will get 
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Using Subprogram Aliasing 

Aliasing occurs when a global va 
— - to a - 




; is referred in the procedure and is also passed as 
ull of aliasing depends on the type of parameter passing 



The parameters are passed using two methods- pass by-value and pass by- reference. When a 
parameter is passed by-value method, the value of an actual parameter is passed to the 
subprogram. But, with by-reference method, address attached with the value of actual parameter 
is passed. OUT and IN OUT parameters are passed by value while IN parameters are passed by 
ence. Let's see Listing 8.9 to understand subprogram aliasing by the method pass by-value. 

17? 
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Listing 8.9: Sho ving subprogram aliasing in contest lo pass by-value 



fn Listing 8.9, first we have declared a giobal variable, which is ihen followed by creating a 
procedure named demo 

Then, we have assigned a value lo the procedure parameter. Mode of Ihc parameter used is IN 
OUT that means rn [his listing, we use the method pass by-value. After thai, we have called Ihe 
procedure and have passed the global variable in ihat procedure as aclual parameter 
Lei's see Ihr output of the Li sling 8,9, 
10 

Pl/ SQL procedure successfully completed* 
Lei's sit.' Listing 8 J 0 to understand subprogram aliasing by the method pass by-reference. 
Listing 8.10: Showing Ihe subprogram aliasing in coniext lo pass by-referencr 



In the Listing first we have declared two global variables. 

Then, a procedure named demo I has been crealed in which we have passed two parameters; 
first with the IH mode and second with the OUT mode. 

After ihat, we have tailed the procedure and have passed [he globaT parameters in that 
procedure. 
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output of this listing. 



we end out discussion on subprogram aliasing and on working with Subprogram 
is also complete. Now, you should be able to understand and use subprogram 
very easily. 

study about the subprogram overloading thai allows you to use same name for more 



Subprograms 

overloading means using Lhe same subprogram name for different subprograms. 
The various subprograms can be same but there should be some difference between 
can be set by varying the number of subprograms formal parameter, order< or 

Listing B.I 1 to understand subprogram overloading, 
1 : Showing subprogram overbading 
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in Listing H. 1 1 H we have created two functions; first lo fetch the employee name corresponding 
lo the number passed when The function will be called and second felch the employee number 
corresponding lo the employee name. Boih of ihe function have same name thai is ename but 
varies in ihe parameler name and data type. Lei's see Ihe output of Ihe Listing 0,1 1 . 



In ihis way, subprograms ran he overloaded hut Ihey also have some restrictions in overloading. 
Let's study about those restrictions. 

Restriction white applying Overloading 

1 . Standalone subprograms can nol be overloaded. For example, if you wilf try to overload Ihe 
function created in Listing B.i then you will receive the following error because the function 
crealed in thai Listing is a standalone funclion: 



But ihis problem tan be solved if you will create packaged subprograms or by creating 
subprograms as we have created In the Lisiing 8,1 1. 

2. Subprograms having Ihe same name bul vary in formal parameter name or mode can not be 
overloaded. In that case ihe following procedures can not lie overioaded: 



3, Subprograms having Ihe parameters of same data type family thai is char and VARCHAR2 
can not be overloaded, in thai case, following two subprograms can not lie overloaded. 
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Here, we have completed discussion on overloading subprograms. Sometimes, it may happen 
■hat you need to call a subprogram by itself then what will you do. Solution to call a subprogram 
by itself is recursion. Let's continue discussing recursion in subprograms. 

Using Recursion with Subprograms 

Recursion is the process to call a subprogram by itself. When a subprogram is called then a new 
instance of items {such as parameters, variable, SQL statements) declared in the subprogram is 
created. Let's see Listing 8.1 2 to generate the Factorial series. 
Listing 6.1 2: Showing the Factorial series in context to recursion 
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Qui put of I he Listing ft.12 is as follows: 
Function created. 

Now, we call the procedure crealed to calculate The factorial of a specific number in (he 
Listing 8.13. 

Listing 8.13: Calling the foe function 



Let's see ihe ouTput of (he Listing 8.13. 

. Factorial of five is 120 

PL/ SQL procedure successfully completed. 

Recursive programs are simple to write, but art? inherently slow. In recursion, the information is 
pul in stack for each subprogram call. So it requires a large stack. If a subprogram call is made 
within cursor, LOOP-END LOOP or between OPEN CURSOR and CLOSE CURSOR statement, 
■hen for each call a new cursor is opened and ihe cursor limit may exceed the maximum Eimit of 
0PEN_CURSOR. 

With [his we have completed discussion on recursions. Now, we discuss about the deliner and 
invoke: rights related to subprograms. 

Using AUTHID Clause 

This clause is used to sel Ihe privileges lo esecule Ihe suh programs. By default the subprograms 
have definers or owner rights, which mean thai any reference to database tables are resolved at 
compile time. You can set Ihe rights 10 owner or invoker by using auth ID clause. 
Benelits of using invoker righls is thai you can create only one instance of subprogram and many 
users can use thai subprogram. 

authid clause is allowed Lo use in the header of a subprogram, packages, etc. AUTHID clause 
mus! be used just before the IS or as keyword in ihe subprogram declaration. 
You can specify AUTHID CURRENT _USER to provide the invoker righls and AUTHID DE FINER 
to set the definer rights. Lei's see the following snippel to know that how to use AUTHID clause. 
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Packages consist of a set of procedures, (unci ions, and vanabtcs grouped as a single unit. They 
help in building well structured PL/SQL applications. Specifically, you need to define 
packages in two cases. Firsl case is when you need to create a context or an environment for 
many related program units of a specific domain. Second case is thai your application has both 
private and public variables and its design is top-lxjtlom approach orienled. 
Oracle Cotpoiation has increased the number of built-in packages to extend the functionality of 
PL/SQL. For example, the built-in package STANDARD includes [he definition of bask operators 
and built-in functions. You can also build your own package and include domain specific 
functionality inside this package. Some third parties can also build a library of packages which 
needs To be installed so that the PL/SQL environment can use them. 

This chapter makes you understand what is a package, how to create package specification and 
its body, how to use some built-in packages from Oracle and create user defined package, 

Ovenriew of PL/SQL Packages 

A package is a construct that lets programmers to logically group Ihe application components of 
one domain. Similar lo subprograms, packages are also used to organise PL/SQL programs or 
applications but there are some differences between subprograms and packages. You can only 
store packages but subprograms can be both declared locally rn a block or stored in a database. 
Packages impose fewer rejections as compared lo stored subprograms when using 
dependencies. Let's learn how to create user defined packages. 

Package Specification and Package Body 

Oracle defines the top-bottom approach to create a user defined package which means that you 
first need to create its specification and then its body. Package specification is considered as a 
prototype of the entire package. This prototype enlisis the resources of ihe package available to 
an applicaiion. The package body contains the implementation of that prototype. As earlier 
discussed, Ihe data dictionary is used to store definition of schema objects. Therefore, (he 
deliniiion oi ihe user defined package is also stored in data dictionary. Let's learn how to create 
a package specification and its body. 

Package Specification 

Package specification is also known as the package header. You can declare new typos, 
variables, procedures, functions, cursors, and exceptions in a package specification and can also 
refer all these members from oiher PL/SQL blocks. See Listing 9,1 for a sample package 
specification, 

Liiling 9,1: Creating a sample package specif icalion 
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In Listing 9.1, the package specification of enq_analysi5 package defines Ihe data Type 
address_rec, variable lastenqno, exception invalid_date, function findname, and 
procedure updateenrollstacus. Each object is an element of Ihe package. These 
declarations can appear in any order but object declaration must precede its reference. There is 
also no need to specify all types of elements, such as exceptions or types. Declarations of 
procedures and functions should be forward declarations. A forward declaration describes the 
type and name of the subprogram along with its arguments. 

Body 

The package body contains the implementation of package elements given in the package 
specification. The only elements that require the implementation in package body are cursor and 
subprograms. The declaration of subprograms in a package specification must match with the 
declaration of the same subprograms in the package body. The package body can contain 
additional variables and subprograms, which can be used for implementation of package 
elements in the specification. These are called private variables or private subprograms and are 
not accessible from outside. Package body becomes optional when package header does not 
contain forward declarations of subprograms and cursors. Still, we may need to define package 
header as all the variables and types in it. are visible outside the package. Notice that the 
package body does not compile without successful compilation of package specification of same 
package. See Listing 9.2 for sample package body of enq_analysis package, 
listing 9.2: Creating body of enq_analyais package 
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In Listing 9,2, the variable eriqdatei is a private variable, which can bo used only inside the 
package body. Thus, ihe following reference in anv PL/SQL block or program results in an error: 

enq_anal ysl s . enqdatel 

The body of enqanalysis package defines cursor ( 1. cheekenqno, Cindnarne, lure I ions, 
and updat,oonrol lsLatus procedure The package initialization pari is executed when any 
package element is referred for (he first lime Function checkenqno is private to package; 
therefore, il cannot be referred in any other PL/SQL program. 

Any public member declared in a package header is accessed by qualifying the member name 
with the package name, in general, the public package elements are referred in other PL/SQL 
blocks using the following syntax: 

packaaeriave . el mk ntname ; 

With the help of this syntax, you can now declare the variable mailing address of 
address_rec record type in the program. The syntax to declare variable of type defined in 
enqaoa lysis package is as follows: 

maning_addres5 eno_anal ys1s.address_rec; 

Lei's learn how to access other members, such as procedures and functions of enq analysis 
package. Suppose you want to use or access function find name in a PL/SQL program, you 
can do it using the following syntax: 

X VAHCHARi{4) ; 

x : -erm_anal ysi s . f i ndnane ( 100J ; 

You can also call packaged procedures using positional or named notation like stand alone 
stored procedures but packaged procedures should be prefixed by a package name, 
[n this section, you learned how ki create your own package and how to access its members. 
Now, lei's go (hrough the advantages of packages. 

Advantages of Packages 

Package is not a new concept in software engineering. Many software [packages .ire continuously 
being built by software firms to solve the problems of developers. Packages help in creating 
reliable, maintainable, and reusable code, which help m developing sotiware. These packages 
are now also used to buifd high scalable Oracle PL/SQL based software systems. Packages offer 
the following advantages for PL/SQL application or software design: 

□ Modularity: As packages group all the logically related items, such as data types, variables, 
and subprograms, they are modular in nature. All data types, variables, and subprograms 
have the same context. The user can easily understand a package as it can be logically 
broken into small program units. The interfaces between packages are also clear and well 
defined, 

□ Information Hiding: Package consists or specification pari and implementation part. Only 
the specification part is available to users. The implementation part is hidden from the users 
for security reasons. Each user can access different functionalities of a package depending 
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upon access rights. The specification part is called public part while the implementation part 
is called private part. If the user needs to use packaged subprograms in a calling program, 
the user requires only knowledge about declaration of packaged subprograms. The 
declaration of subprograms is included in the package specification. This makes the 
developers and users more independent as developer can change the subprogram definition 
and user can invoke the changed functionality with the same syntax. For example, the 
calling program for a package math and function fact is as follows: 



y:=math.fact(x); 

Even if the definition of function fact is changed from recursion to iteration, the calling program 
is not changed. 

□ Global Variables: The variables declarer) in packages persist across the session. These 
variables, which include cursors, can also be used to pass information from one subprogram 
to another. Thus, you can assign a value to packaged variable in one subprogram and use it 
in another subprogram. 

O Simple Application Design: The prototype of the application can be built very fast by only 
writing package specification. You can even compile package specification without its body 
and write other subprograms and compile them without the package body. 

□ Belter Performance: When a package is referred for the first time, then all the package 
elements are loaded in memory so that the further reference to the package does not require 
disk I/O. This speeds up the application execution. 

Let's study about the most commonly used built-in PL/SQL packages from Oracle lOg. 

Understanding PL/SQL Packages with Oracle 

Each built-in package has a set of I'L/SQL objects and they are automatically installed during the 
installation of Oracle database. Each package extends the functionality of PL/SQL. For example, 
DBMS SQL package is used to execute dynamic SQL statements. All the Oracle built-in packages 
are classified into following three categories: 

□ Application Development Packages: The packages under this category are used by 
application developers to build Oracle applications. 

□ Server Management Packages: The packages under this category are used by database 
administrators for management of database servers. 

□ Distributed Database Packages: The packages under this category are userl by both database 
administrators and application developers for managing distributed data. 

See Table 9.1 which lists all the built-in packages used in application development with 
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The STANDARD Package 

The STANDARD package defines ihe predefined (Jala ly|>es, exceptions, and subprograms, which 
are available to every PL/SQL program. I'or example, exception NO_DATA_FOUND is defined in 
the STANDARD package. This exception arises when either you execute a query, which do not 
identify any rows or you reference an uninitialized row during fetching rows from cursor. Most 
of the predefined subprograms, such as SUBSTR (to find substring from a string), TO CHAR 
(Convert a number to character value) are specified in Ibis package. You can also overload most 
of Ihe subprograms from package STANDARD. For example, you can overload TO CHAR function 
in Ihe following ways: 



PL/SQL identifies that a call is made to a particular subprogram, such as TO CHAR by matching a 
number of arguments and their data types. If the user has defined subprograms having same 
name, then the original subprograms can be called by using package name STANDARD as 
STANDARD. SUBSTR. Package STANDARD is available in pre compilers, forms, reports, and 
various Oracle products. 

The DBMS_ PIPE Package 

The DBHS PIPE package is used to transmit information from one session to another. The first 
session makes use of DEMS PIPE package to wrap a message into a message buffer and send it 
lo memory area inside the pipe while the second session receives and unwraps the same 
message into variables. Before the introduction of the dbms_pipe package, Ihe database used to 
act as a communication medium for sending and receiving of messages. With the help of 
DBMS PIPE package, your application can also use external routine which do not reside in the 
database. All the service routines need to connect to Oracle instance and wait for their requests 
on a particular database pipe. Database pipes can be public or private. A public pipe can be 
accessed by any user for sending or receiving messages; whereas in case of private pipes, only 
the authorized users can send or receive messages during a session. 

You must logon as a 3YSDBA to execute the following command to give access to normal users: 

Srant execute on dbms.pipe to scott; 
Table 9.2 lists the commonly used subprograms in Ibis package. 



t in DBMS_PIPE package 
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The DBMS_SQL Package 

The DBMS SQL package is used lo execute SQL DDL, and DML statements dynamically at 
runtime. A DDL statement can be used inside the PL/SQL block only with the help of a 
DBMS SQL package; but to issue this statement, you further need some privileges from the 
administrator. DBMS SQL package allows the developer to specify only conditions or portions of 
SELECT statement. From these conditions, this package builds the entire SELECT query. 
DBMS_SQL package executes the dynamic PL/SQL programs in steps, which are as follows: 

1 . Store the names of procedures in a database table. 

2. Build a Ul for this table so that user provides the inputs to execute a particular procedure. 

3. Execute the procedure. 

You can hide DBMS SQL package from all the users by issuing following command from SYS 
account: 

REVOKE EXECUTE ON 08MS_SQl FROM PUBLIC; 

The database administrator can provide access of DBMS SQL package to a particular user by 
issuing following command: 



grant execute on DBMS-SOL to username; 

DBMS_SQL consists of many standard subprograms and data structures. Table 9.5 lists the 
commonly used subprograms inside this package. 
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Table 9.5: Commonly used subprograms of DBMS_SQL package 



Name 


Purpose 




BIND_VARIABLE 


Associates a value to host variable 




CLOSE_CURSOR 


Closes the cursor 




EXECUTE 


Executes the SQL statement 




FETCH_ROWS 


Fotches the rows from cursor 




OPEN_CURSOR 


Opens (he cursor 




PARSE 


Parse the passed SQL statement 




COLUMHJ/ALUE 


Retrieves e value from the cursor into a local variable 





Following ore some of the unique adv.inl.iges of DBMS_SQL package 

□ Currently, the D3MS SQL package is supported in clienl-side programs, hut native dynamic 
SQL is nol. Every call to the DBMS_5QL package from the client-side program translates to a 
PL/SQL remote procedure call. These calls occur when you need to bind a variable, define a 
variable, or execute a statement. 

□ The DESCRIBE COLUMNS procedure in the DBMS_SQL package can be used lo describe the 
columns for a cursor which is opened and parsed through DBMS_SQL. 

□ The DBMS SQL package supports statements greater than S2 kilobytes. 

□ The DBMS_SQL package supports statements with a RETURNING clause thai updates or 
deletes multiple rows. 

□ The PARSE procedure parses the SQL statement only once. Therefore, the statement can be 
used multiple limes with different binding variables. 

You can also execute dynamic SQL statements using statements, such as EXECUTE IMMEDIATE 
without using API of DBMS_SQL package. 

Native Dynamic SQL vs. DBMS_SQL Package 

Native dynamic SQL enables you to place dynamic SQL statements directly inlo PL/SQL code. 
The DBMS SQL package is a PL/SQL library that offers a programmatic API to execute SQL 
statements dynamically. Following list describes some of differences between them: 

□ Native dynamic SQL is much simpler to use than (he DBMS_SQL package because il is 
integrated with SQL. You can use it in the same way as you currently use static SQL w ithin 
PL/SQL code. The DBMS_SQL package is not at easy to use as native dynamic SQL. It 
involves many procedures and functions thai must be used in a strict sequence. 

O Native dynamic SQL is comparable with static SQL because PL/SQL interpreter has built-in 
support tor native dynamic SQL. Therefore, using native dynamic SQL greatly improves the 
performance of programs as compared lo (he programs that use DBMS SQL package. 
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□ DBHS SQI. package is based on a procedural API and therefore, ihere are large procedure 
calls and data copy overhead. For example, when you hind a variable, D3MS_SQL package 
copies the bind variable into its space for later use. Similarly, when FETCH statement 
executes, the data copies into the space managed by dfhs_SQL package and then fetched 
data is copied one column at a time. 

However, native dynamic SQL bundles the statement preparation, binding, and execution steps 
into a single operation thai minimizes (he data copying and procedure call overhead and 
improves performance. 

□ Native dynamic SQL provides support for the user defined types, such as user defined 
objects, collections, and REF. The DGKS SQL package docs not support these user defined 
types. 

□ Native dynamic SQL and static SQL both support fetching Into records, but the DBMS_SQL 
package does not. 

The DBMS_ALERT Package 

The DBMS_ALEBT package is used to alert the application when a specific database value is 
changed by providing notification. These notifications are called alerts. Alerts arc usually 
signaled using database triggers on specific tables. Alerts arc asynchronous and only committed 
transactions can signal an alert. You do not need to check frequently now whether any change 
has taken place or not. The process of receiving an alert consists of two steps. Initially, the 
application registers itself to get an alert on modification of specific (lata. Then, the application 
waits for signaling of alert which tells developer to check again the same data. This package is 
also used to give signals to other sessions. It operates independently of any time mechanism. 
Table 9.6 lists the commonly used procedures and functions used in Ibis package. 
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Using PL/SQL Packages 

In the last section, we discussed the functionality of packages, such as DBMS SQL, 
DBMS ALERT, UTL HTTP, UTL FILE, and DBHS PIPE. Now we are going to use these 
packages using some examples. 

The DBMS_SQL Package 

The DDL and DML statement of SQL can be executed dynamically at runlime with the help of 
D6MS S0L package. Under this section, we create two examples in Listing 9.3 and Listing 9.4, 
respectively. First example increments the salaries of employees who belong to department 
number 10 of table emp. Second exampfe finds ids and names of employees from table emp 
whose salary is greater than 3000. 

Listing 9.3 executes the dynamic UPDATE statement using DSMS SQL package on table emp. 
Listing 93: Executing dynamic UPDATE statement 



Perform the following sieps to execute dynamic SQL statemenl wilh the help of dbms sol 
package: 

1 . Create a cursor to get cursor handle for a dynamic SQL statemenl. 
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2. Build tiie SQL statement and parse it in Oracle version 7 mode. Our 5QL statement contains 
two bind variables acting a; placeholders. 

3. Associate bind variables to actual variables passed in procedure. 

4. Execute the SQL statement. 

5. Close the cursor. 

Here is the output of Listing 9.3, 

Nlmber of rows updated 3 

PL/SOL procedure successfully completed. 

When you execute Listing 9.J on iSQL'PJus console, it will increment the salaries of three 
employees and shows the total number oi rows updated. 

Second example finds ids and names of employees from table eitip whose salary is greater than 
300D, This example also uses FETCH ROW3, DEFINE_COLUMN, and COLUMN_VflLUE 
subprograms of DBMS SQL package. Now, let's create the second example. Listing 9.4 shows 
the use of API of dbms eql package. 
Listing 9.4: Using API oi DBM5_SQL package 
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You can also execute Dynamic SQL slaiemenis using native dynamic SQL The EXECUTE 
IMMEDIATE command is used To execute dynamic SQL statement from inside [he PL/SQL block. 
See Lisling 9.5 which uses EXECUTE IMMEDIATE command. 
Listing 9.5: Using EXECUTE IMMEDIATE command 
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Lining 9.5 counts ihe number of employees from eirp_detail Table who work in a particular 
department. The Using clause is used lo associale department number lo be passed to 
countemployees function with placeholder :dept inside [he siring str of EXECUTE 
IMMEDIATE staiernent. 
Here is |he oulput of Lisiing 9,5: 

Function created 

After executing Listing 9.5 on iSQL'Plus console, you will get the message Function 
created which indicates that -^L..,^:xploysf:s function is successfully created inside the 
Oracle database. 

See Listing 9.6 which executes countemployees funciion. 
Lisiing 9.6: Executing countemployees function 



Listing 9,6 declares x variable of number type lo accept ihe return value alter making call to 
countemployees function. 
Here is output of Listing 9,6: 

The number of employees who belong to department no. 40 are: I 
PL/SQL procedure successfully completed* 

After executing Listing 9.6 on iSQL'PJus console, the console displays the total number of 
employees in emp detail table who work in department number 40. In our case r the total 
number of such employees is 3. 

The DBMS_PfP£ Package 

In this section, we are creating four examples. First example creates a named database pipe and 
second example removes that pipe. Third and fourth examples send and read messages to and 
from a particular database pipe. 

Creating and Removing Pipes 

Vou can create and remove both public and private database pipes for a database session using 
CREATE_PI PE and RETOVE_PI PE subprograms of DBMS_PIPE package. 
See Listing 9.7 which creates public database pipe PIPE MSG, 
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Sending and Reading Messages 

Database pipes are usually used to store as well as retrieve messages from a specific session. As 
we know, database pipes can be public or private. The public pipes are asynchronous. Any 
schema object can write the public pipe if it has the execute privilege and it knows the name of 
public pipe. Irrespective of the Type of database pipe, you need two sessions to send messages 
and then receive same messages. The first session (sending session) uses PACK MEASSGE 
procedure to build a message. This procedure adds the message to session's local message 
buffer. The information in this buffer is sent by calling the function send message along with 
the pipe name to be used to send the message. The second session (receiving session) uses 
receivejtessage function. This function receives The message along with the pipe name 
from which the message is to be received.This session Then calls the unpack roessage function 
to access each item in the message. Once the receiving session reads the buffer information, it is 
emptied from the buffer and then it is not available to reader of the same pipe. 
See Listing 9.9 which sends messages to dalabase pipe PLSQLSMESSAGE_INBOX. 
Listing 9.9: Sending messages to database pipe P LS QLSMES SAGE _ INBOX 



^ipe- IMC run itmp [yiuiLa n^H|jn w w aiuim mi d nuiid. ert^i\ ^uupiu^idj ip 

puts each message in the local buffer. The SENDJ1ESSAGE function sends all the three messages 
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Listing 9.10 gels messages from plsqlshessage_inbox database As this pipe is public and 
uses shared butter. RESET __BUFFER procedure is invoked to reset the contents of shared buffer. 
The receive MESSAGE procedure reads messages from plsq.:,$message_inbox pipe and 
puts them in shared local buffer. The um: j Ack_keSsage procedure retrieves messages from the 
local buffer. Then alt the messages are displayed. 
Here is the output of Listing 9.1 0. 



After eiecuting Listing 9.1 0 on i5QL"Plus console, the console displays retrieved messages, such 
as Message [ 1] ,Message [ 2| ,Message ; 3] and the message Messages received 
from PLSQL5HESSAGE_SNBOX. 

The UTL_FIL£ Package 

The UTL file package is used Jo read and write to .md from server-side files. Here, we create 
an example which writes some lines of leu so a specific test file. Listing 9.11 shows the use of 
utl_file package. 
Listing 9.11: Using UTL EILE package 



Listing 9.11 creates a directory OUT_DIR get_nth_line function, which accepts three 
parameter — loc in, file in, and line num in. The loc i.n represents the location of 
file with the name specified by tile In paramrer. I'Jie I ini?_nu^i_in represents number of 

the line to be read. The f variable oi UTL f:le.fi:.e_T!'PF. opens only if the arguments to 
fofen subprogram are valid. This i variable acts js j file handle. The fopen method assigns a 
file handle of file something.txt present in OUT DIB directory to f variable. Third parameter w 
passed to fopen method opens the something.ot file to read and write in replace mode. This f 
variable is used in UTL_FILE . PUT_LINE method to write two lines, such as line one: Sanlosh 
Jena, line two: Mandecp Singh on something.txt file. Finally, we close the file handle. 
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When you I'xcml^ I idling 9.1 1 on iSQL 'Plus worksp.K e, von i an see tol lowing uulpul. 

line one: Santosh Jena 
line tto; Nandeep Singh 

This listing shows someihing.ixt lile which has mo lines of u i M, such .is line- one: Sanlosh lend, 
line two: Mandeep Singh. 

The UTL_ HTTP Package 

The 'JTL_[1TTF |Mckage is used to read web p^es <UuJ iriiiiriiichriiin. sl:j h <is response headers 
and cookies assocMied wirh them. In ihi> set riun r wo crfaie iwo examples to explain the usage 
of "JTL,_HTT? package. F if sr example reads and displavs lines of text tram a web page. 
See Lining ^.12 which reads a web page using API of 'Jt: j^tt? pat kage. 
Listing 9.12: Reading a web page using :;"L_nr7? package 



Listing f }.M declares iwo rcq and rc=p variables ol "JTL^-vjtf. kEQ and iri'iMtri . rlsf 
types. The SbT_E j "K^KV procedure sets proxy server of web p^e. The ^KGl K^h'ju^s; 
function i nil Kites requesl Ui a web p-ij^e and relurns (he request ohje* 1 Thf ■T T KT_r-'KSF : OiJSF: 
function is used lo gel response from Ihe server. IriMtie I he loop, Ihe ■'F.ADJ.TNF pmtedure 
retrieves a line, ol leM nnd writer it into ^akie character siring. When the entire response h. rend. 
END OF EODY exception is generated. This suggests developer to end Ihe respond using 
e:jd_resk3*.'SE procedure to tree memory 
Here is the oulpul of Lisrinp 
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Here is the ampul of Listing 9.13. 



The DBMSALERT Package 

ebms alert package is used to give alerts in a session using triggers. In this section, we are 
creating an example which gives a dilferem alert when an insert, update, or DELETE 
statement is executed on messages table. See Listing 9.14 in which 5ignal_tEig trigger raises 
a signal or alert. 

Listing 9.14: Raising analerl using signal trig Irigger 
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To use ihe trigger you have to register your interest in an alerl so thai every lime Ihe alert fires, 
you receive a message for insert, update, or delete operation. 

See Listing 9.1 5 which registers interest in ihe raised alerl event _MSG_QUEUE in a session. 
Listing 9,1 5: Registering for raised alert in a session 



Listing 9,1 5 subscribes you to (he alert. 

After you have registered your inieresi in an alert, you may or may nol receive an alert. 
Therefore, you need to wait lo receive a message. Listing 9.16 shows you how lo wait on a 
single alert. 

Listing 9.1 & Waiting on a single alerl 



In Listing 9.1b, we define a message, status variables of v arc =5?.;-. 2, and INTEGER data types 
respectively. We use dbms alert , waitone procedure lo creale a pulling loop for 30 seconds. 
The default value for timeout period is five seconds, finally, we use an if-then-else staiement lo 
chock if the status was due lo a lime-out. A time-out occurs when no alert is received. If Ihe 
time-out does not occur before an alerl is received, M will print the alert. You can see the list of 
sent messages in alerts table table by executing select query- 
Triggering fiiialert 

To trigger an alerl, you have lo execute Ihe code as shown in Listing 9.16 in one session, In 
another session, you need lo run the following listing wilhin ihirly seconds. See Listing 9.17, 
which raises the Trigger signaling. 
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In Listing 9.19, the salary procedure gets the salary of employee based on passed empno and 
writes it into esal OUT variable. The f ire employee procedure deletes employee with 
specified ernpno from emp_detail table. 

The hireemployee procedure inserts a new record into emp_detail table. 
The nth_highest_salary function returns nth highest salary, such as highest salary in an 
organization or 2 n " highest salary in the same organization. This function is already explained in 
Chapter 7 of this book. 

The raise_salary function raises the salary of employee with specified empno and returns 
that employee's new salary. 
Here is the output of Listing 9. 1 9. 
Package body created. 

After executing Listing 9.19 on iSQL'Plus console, the console displays message Package 
body created which indicates that body of emp_manipulate package is successfully 
created. 

See Listing 9.20 which executes various procedures and functions in envp_manipulate 
package. 

Listing 9.20: Using functionality of emp_manipulate package 



UiheberrecliHich neschutztas BiW 



Listing 9.20 invokes salary, f ire_employee, hireemployee procedures and 
nth_highest_salary, raise_sa 
Here is the output of Listing 9.20. 

Basic salary of the emplyoee having employee number 102 isl7S00 
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After executing Listing *K20 on iSQL'Plus console, the console displays (he 
employee with empno 102, highest salary, 3rd highest salary, new salary of 

Summary 

In this chapter, we learned about; 

□ A package and its advantages 

□ Syntax of creating packa" - i - 1 ■riralion and its body. 

□ Use of commonly used ■ PL/SQL packages, such as DBM5_SQ[., DBMS 
DBMS_PIPE, UTL_FILE, and UTL_HTTP from Oracle lOg. 

□ Creating a user defined package having various procedures and functions. 
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Oracle automatically executes (or firesj certain procedures whenever a database ever! (such 
.is creating or updating a lablef occurs. These procedures are known as iriggers. Triggers can 
be created on various typ«s of Oracle events for a da I a bare table, database schema, or the 
database iiself. Triggers are used 10 maintain iniegrily consirainis in database tables, auditing 
information in a dafa table, and keep information about various evenly such as database, system 
events {logon, logoff). For example, suppose you want lo insert a row in a database table as well 
as display a primary key (for example, [he employee number} when a record is added. To do 
this, you can create a trigger, which will automatically fire when any row Is inserted in the 
database table. Triggers also help handle autonomous iransactions. Autonomous transactions are 
independent transactions initiated by other transactions, 

fn ihis chapler, vou learn about triggers, their types, using iriggers on views, maintaining triggers, 
and autonomous transactions. Lei's begin by ,1 detailed description of triggers. 

Describing Triggers 

A Trigger is a code, execuied lor certain database events, such as DDL, DML operations on a 
database table. Triggers can be writlcn on ihe database table or view. Structurally, triggers are 
similar In procedures and functions. Triggers cannot he stored locally as a program or package; 
instead, they have to be stored as standalone objects. Triggers do not accept any argument like 
procedures and functions and are fired implicitly. 

Triggers help in maintaining database alomicily. For example, if a DML statemenl fires a trigger 
or a sequence of triggers, and if an error is generated during their execution, the effects produced 
by the DML statement and the trigger code are rolled back. In addition, the state of Ihe system is 
reverted to the stale il was before the statement fired the trigger. 

A trigger can be fired due to DML (INSERT, update, aEiErsh DDL (CREATE, ALTER, DRCPi, 
and other database operations (such as logon, logoff). 

Based on the events performed on the database, there can be several types of triggers. Let's look 
at some of the common types. 

Types of Triggers 

Triggers are of several types and depend on the eveni performed on the database, Considering 
the even I, Oracle automatically fires the trigger suitable to that event. In this section, sve discuss 
the following triggers: 

□ DML Triggers 
Q DDL Triggers 

□ Database Event Triggers 

□ INSTEAD OF Triggers 

□ AFTER SUSPEND Triggers 

DML Triggers 

DML triggers are those triggers that are fired by DML statements. A DML trigger can be fired 
before or after the execution of the DML statemenl. These triggers can be fired before ar after 
every row or multiple rows lhal are being affecled by the DML statement. 
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DML triggers can be fired for a single statement or for a combination of DML statements. The 
following is the syntax of common types of triggers: 



The parameters used in the preceding syntax are: 

a CREATE or REPIACE TRIGGER Specifies the statement used to create a new trigger or 
replace an already created trigger. 

□ trig_iiame: Specifies the name of the trigger. You can give any name to trigger according to 
your requirement 

□ BEFORE or AFTER: Specifies whelher the trigger is la be fired before or after executing the 
statement. 

□ INSERT or UPDATE or DELETE: Specifies the DML statement for which the trigger is to be 
fired. 

□ Ub_name: The table name on which a trigger is to be fired. 

□ FOR EACH ROW: Specified when you want triggers to be activated for each row processed 
by a DML statement. If you do not specify this clause, the trigger is activated only once for 
the DML statement. 

□ WHEN (...): Specified to avoid unnecessary execution of a trigger. 

□ DECLARE: This section is used to specify a local variable. 

□ BEGIN: Specifies the start of the execulion section. Here, you specify SQL statements and 
other execution code. 

□ EXCEPTION: In this section, you can use exception handlers to catch exceptions that have 
occurred during program execution. 

Q END trig_name: Used to end a trigger. 

Let's now view Lisling 10.1 to find out how DML triggers work. 

Listing 10.1: Creating a sample (ins_val) DML trigger on INSERT statement 
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In Listing 1 0.1 , we treated a DML liiggi^i ruimed j,nG_vfl J # which fires when a record is inserted 
into The dept database table. 

In the BEGIN section, we used :nsw*3EPTK0 to store rhe department number for any 
new record inserted in I he table. The stored value is displayed hy using 
DBMS_OUTPUT . PUT_LINE ( ) . : HEW and ;fi:,D store new and olt! value* respectively. 
However, wo have to follow certain rules when using ;WEW and :QLD. These rules are: 

□ :MEW and :OLD can only be used for row-level niggers. That is, if you do not specify the 
FOR EACH ROW statement in a trigger, you cannot use :NEW and :OLD. 

□ ;OLD should not be used when a trigger is fired on the INSERT statement because there is 
no old value to store. For example, in Listing 10.1, we used :OLD; In this case, [he 
trigger is created normally but won't display any value when it is fired because it does not 
have old data to display corresponding to the column number specified with :QLD. 

□ :NEW should not be used when a trigger is fired tor the DELETE statement 

□ You can use both ;NEW and :OLD in triggers when executing the UPDATE statement. 
The output of Listing 10,1 will be; 

Trigger created. 

Now, to find out how a trigger works, lei's insert a record in the DEPT database table. To do this, 
we have created Listing 10.2. 

Listing 10.2: Inserting a record m DEPT table to check the working of ins val trigger 



The following is rhe output of Listing 10.2: 

Record 1s entered for employee nunber 92 
PL/SQL procedure successfully completed. 

In the output, the statement written in the trigger is displayed when the INSERT statement is 
executed on the DEPT table. In this way, you can see that triggers are fired according to the DML 
operation performed on the corresponding database (able. 

In Listing 10.1, we have only used the INSERT statement. However, we can use all the DML 
statements in the same trigger. To do this, PL/SQL provides some functions to determine which 
DML operation is responsible for firing which trigger. These functions are: 

□ INSERTING: This function returns true when a trigger is fired by the INSERT statement, 

□ UPDATING: This function returns true when a trigger is fired by the update statement. 

□ DELETING: This function returns true when a trigger is fired by the delete statement. 
In Listing t(X3, we create a trigger that will use all DML statements. 
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Listing 10.3: Creating trigger (iud_val) lo use on ali DML statements 



In Lisling 10.3, wecrealed a Irigger named iud val in which we have used all Ihree (unci ions, 

thai is INSERTING, UPDATING and DELETING. 

Depending on Ihe type of DML statement, a trigger will be fired and the function in The BEGIN 
section will be executed. 

Let's now see what happens when we update Ihe dept table. To do this, we hare created 
Listing 10.4. 

Listing 10.4: Modifying a record in DEPT table to check the working of iud_val trigger 



On executing Lisling 10.4, the UPDATING function in Ihe trigger is executed and the following 
output is displayed: 



Wilh ihis, we come lo the end of our discussion on DML triggers. Let's look at DDL triggers next, 

DDL Triggers 

Like DML triggers, you can create DDL triggers thai fire when DDL statement are executed. 
DDL triggers cannot be applied on individual tables; you must create DDL triggers either on the 
database or on the current schema. 
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The syntax to create DDL triggers is the same as DML triggers, the only difference being that 
DML events are replaced by DDL events (for example, in place of INSERT you write CREATE 
or any other DDL event). Moreover, in DDL triggers, you cannot use the FOR EACH ROW 
statement, and the table name is replaced by the database name or the current schema. 

Listing 10.5 shows you how to create a DDL trigger. 
Listing 10.5: Creating a sample (cre_ate) DDL trigger 
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In Listing 10.5, we created a DDL trigger named cre_ate on the current schema. This trigger 
will be fired when a current user executes the CREATE statement 
The output of the Listing 10.5 is: 



Now, we create a table to check whether the trigger is fired when we execute the CREATE 
statement. To do this, we created a table named STUDENT with two fields, sname and age. The 
statement to create the table is: 

5QC> CREATE TABLE STUDENT (snanw VARCHAR2CS0) , 
age NUMBERC2)}; 

Executing the statement fires the trigger created in Listing 1 0.5 and gives the following output: 
on successful 



Database Event Triggers 

These triggers are fired by Oracle when any database-level or system-level event occurs, such as 
when the database is started or shut down. To create database event triggers, you must have 
ADMINISTER DATABASE TRIGGER privileges, which we will shortly explain in this chapter. 
Database event triggers are of the following types: 

□ STARTUP: This trigger is fired when the database is opened. 

□ SHUTDOWN: This trigger is fired just before the shutdown of a database instance. This 
trigger will not be fired if the database instance is shut down suddenly. 

□ SERVERERROR: This trigger is fired when any server related error c 

□ LOGON: This trigger is fired when a user logs on to Oracle. 

□ LOGOFF: This trigger is fired when a user logs off from Oracle. 
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Now, Deepak is able to create database even! (riggers. Before creating an evenl l rigger, we have 
to create a database table to store the action of the trigger when il is fired by Oracle. We know 
thai DBMS OUTPUT . PUT LINE does no! display actions generated by database event triggers. 
To view these actions, we create a database table named D EVEST. 

In this table, we creaie iwo fields: (USER NUM of type NUMBER), to ^lore ihe uspr number and 
10UT_STR of type VAPCHAS2), to store messages thai we want to add m the lable when user 
logs on. 

Listing 10.6 shows you how to create a database event [rigger. 
Listing 10.6: Creating a sample trigger (u connect) on LOGON event 



In Listing 10.6, we created a trigger named u connect. In this trigger, we used the AFTER 
attribute wilh Ihe LOGON event. 

In the execution section, we used Ihe INSERT statement to add the aciion performed bv the 
u Csnnect trigger in the d evelnt database table for the user Deepak. We also used 
cupre[JT_timestsakf to know ihe user's logon dale and time. 
On executing Listing 10.6, the following output is displayed: 
TMM*r created. 

Now [hat yuu have treated Ihe trigger, you want To check if it is working properly. To do so, we 
fog on as Deepak and execute Ihe SELECT statement on the D EVENT table to retrieve all the 
values from that table. The output of the SELECT statement is: 

U5ERJWH OUT_5TR 

1 Successfully logged an at 19-F£b~ofl 02. 20. pw +05:30 

The output of the select statement shows that the trigger has been fired successfully. 

In this way, you can also create database event triggers for all database evenrs. 

Willi this, we move on to the ne*T topic where wc- j^cuss how to fire triggers on views, 

INSTEAD OF Triggers 

Triggers used to modify views arc known INSTEAD OF Infers. They can only work for DML 
ovens on views because views cannot be modified directly through DML statements. You 
cannot creale INSTEAD OF (riggers on DDL and database events. This is because (here are 
some internal restrictions set by Oracle lhal do nol allow Ihe use of INSTEAD OF Iriggcrs on 
DDL and database evems. These restrictions mark the Triggers as invalid. 

If a view is inherently updateable (a view thai allows yuu lo perform DML operations on an 
underlying table) and also has the instead OF trigger, Oracle fires the trigger instead of 
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executing the update statement on the view. The before and after attributes are not used 
with INST cad OF triggers. 

The syntax to create INSTEAD OF triggers is the same as DML triggers. Before defining the 
INSTEAD OF trigger on a view, be sure that view exists in the Oracle database. In Listing 10.7, 
we creates view named demoins to select some values from the DEFT database table. 
Listing 10.7: Creating a view (demo_ins} 



In Listing T.0,7, we create a view named demo_ins to query the deft table, where DEPTNO 
is equal to 21. 

Executing Listing 10.7 displays the following output: 

view created. 
Listing 10.8 shows you how to create a trigger on a view: 
Listing 10.8: Creating a sample trigger (irtstjaf) on view 



In Listing 10.8, we create the INSTEAD OF trigger named inst of on the view created in 
Listing 10.7. 

In the execution section, we used The insert statement to add a record in the DEFT database 
table. 

In the exception section, we used the built-in dup_val_on_index eKcepiion to check for 
duplicate values in the database tahle. If a user enters a duplicate value, the statement 'Record 
already exists, please enter another record' in the exception handler is executed. 
On executing Listing 10.S, the following output is generated: 
Trigger created. 

Let's now insert a new record in the DEPT database table, as shown in Listing 10.9. 
Listing 10.9: inserting a record in table to check the working of inst_of trigger 
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On e^ecutin^ Usling 10. ! 1, (lie record will be iicJdt'd lo (he ?-\L:l da la base ialik' and the 
following me&sage generated; 

PL /SQL procedure successfully completed. 

To check if the record has been added in iho :t-.;'"i database tdbfe. exetuii 1 Iho .-K .-' n i 
stalerneril im the dible. 

However, ie \ou en lor a record in afreadv existing I'll 5 ■ NO. the exception spei ificd in me 
trigger will be execuied. Fur example, suppose* vOLr enter .1 returd wilh L'L.r VAi/- 1. 1. wfnc.li 
already exisis in lilt' da la hast- (able. In sui h a ' ase, I ho lollnwing mUfui] will fir 1 li^il.iyrrl: 

Record already exists, please enter another record 
PL/SQL procedure successfully completed. 

Let's lake up AF7EF' F'J^PFIN'D triggers nent 

AFTER SUSPEND Triggers 

AFT?:° ^'.If-Fr :!D Triggers .ire lireff when SQl shipments doii'l \\,\\? Mill 11 lenl sp,i< e lo 1 nnipfele 
their action. As a result, l host? stalements aire suspended. For example, suppose .ou ore 
imparling a. Lir^e lile hui the seo.er vou are impairing the file to tails; 10 ,illo< ate sufiicieni 
memory f> the til*.;. In sm h .1 cose, the process is suspended. 

Once [fie. process is suspended, it will remain in lh.it stole lor two hours iwhith is deiault 
limeouth. However, it you want 10 resume the session sooner, vou tan use ?.:":\ i :-:a_:.l 
PAUrtAj- with the Jf: Tii^cu: method or execute the ai:^:- 1:1 ab_,^ 

jU£S"JMAe:L=: llMiCLI (::ru Lo:c".3. r i I stfLlement. 

ATTEF Z'SZz'Zl'*2 Infers cm be treated (or database schema or for the whote database. To 
create these Iriggers tot the whole database, vou irrnM h;ive J"- r; I ^ T "* r T CT" -. !'.'•.!■ 3 F. 
Thl'JGblk privileges 

Lisling 1 (1.10 allows \Ou how In i n'.Jte ,in AF""E ; . rv. : -t-Y.\~" trigger 

Listing 10.10: Creeling ,1 sample irD:u^c. il-.cr' -\l TZR i-TJ^FEMl: Iriggcr 

StjL> SET SEPlVEFfOUTPUT OH 

CREATE OR REPLACE TRIGGER resume_after 

flFTEfl SUSPEND Oh SCHEMA 

BEGIN 

DflM5_HE5UMABL,E.SET_TIME0lJT (60} ; 
EXCEPTION 

WHEN SrOR-\tJE_ERROR THEN 

D5M5_OUTPUT.PUT_UKE rmore space required aminlelinglhtpfotristVJ; 
end rgsume_after; 

f 

In Lisling 1(1.10, we treated an At- '!'£:• ^Jl':-'-M.; trigger named re -j _rr -j on the 

database schema th.il lires when .1 session, is held up due to am, re.i>oii. sui li ,l\ irisultk ten! 
memcjEy 

We know that the default lime for any process to he in suspension is Iwo hours, w liich is a Ions; 
period for anvone lo stop his or her unrk. 
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SQLs ALTER TABLE DEFT DISABLE ALL TRIGGERS; 

Executing Ihis statement displays the following result: 
Table altered. 

Now, performing any operation on the DEFT lable will not lire triggers since the triggers are 
disabled. To check whether the triggers have been disabled, we execute Listing 10.11. 
Listing 10.11: Inserting record in DEPT to check the whether trigger on DEPT is disabled or not 



In Listing 10,11, we insert a record in the database table DEPT. Executing the listing displays the 
following output: 

PL/SQL procedure successfully completed. 

This message confirms that all triggers on the database have been disabled. Now, to know what 
the result will be when we enable all the triggers created on the DEPT table, we enable all the 
triggers once again on the table and then insert a record in the table. 
To enable the triggers on the DEPT table, execute the following statement: 

5QL> ALTER TABLE DEPT ENABLE ALL TRIGGERS! 

Executing this statement displays the following result: 
Table altered. 

Now, to check whether the triggers have been enabled on the table, sec Listing 10.12. 
Listing 10.12: Inserting record in DEPT to check The whether trigger on DEPT is enabled or not 



On executing Listing 10.12, all the triggers created on the DEPT table for the INSERT event 
will be fired and you get The following output: 



This output is shows that the triggers have been enabled and fired successfully. 

Dropping Triggers 

Oracle also allows you to drop triggers. Suppose, you have created a trigger for a specific task 
and after completing that Task you want to drop the trigger. In that case, use the following synTax 
to drop the trigger' 

chop TRIGGER tr1g_naine; 
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In this syntax, trig name is the name of ihe trigger you want to drop. Now, suppose a trigger 
named ins val created in Listing 10.1 needs to be dropped. You can do this easily by the 
following statement: 

SQL> DROP TRIGGER tnS-Val; 

On executing this statement, the following output is displayed: 

^■BIMBHMMMWWM»Wi;ar,,--W ill m umiHIIlH—— ■ 
Renaming Triggers 

You can also rename triggers in Oracle. Suppose you have created a trigger for a specific task 
but the name of the trigger is confusing and you want to change it. In that case, use the following 
syntax to rename the trigger: 

alter TRIGGER old trio name rename to neiv triq name; 

Where old_trig_name is the name of the trigger you want to change and new trig name 
is the new name you want for the trigger. 

Now, suppose you want to rename the trigger i jd_val created in the Listing-10.3. You can do 
so easily by the following statement: 

SQL> alter trigger nud_val rename TO al1_chk; • 

On executing this statement, you get the following output: 
■ Trigger altered. 

With (his, we have completed discussion on managing triggers. Next, we discuss how triggers 
are used for handling the autonomous transactions. 

Handling Autonomous Transactions using Triggers 

A transaction is a logical unit of work that contains one or more SQL statements while an 
autonomous transaction is an independent transaction started by another transaction. 
Transaction that start autonomous transactions are known as parent or main transactions. Once 
an autonomous transaction has started, it is fully independent, meaning that it shares no locks, 
resources, or commit dependencies with the main transaction. An autonomous transaction is 
executed without affecting the parent transaction. With an autonomous transaction you can 
suspend a parent transaction, perform some SQL operations, commit or rollback the operation, 
and then resume the parent transaction. For example, let's suppose you are inserting some 
records in a database table through parent and autonomous transactions. Now, suppose the 
. autonomous transactions have been performed and committed correctly but some errors have 
been encountered in Ihe parent transaction. This in no way affects the working of the 
autonomous transactions and the changes (that is the records inscrtcdl made in them arc saved 
since autonomous transactions are independent of the parent transaction. 

Let's now create an autonomous transaction. The PL/SQL compiler directive PRAGMA 
AUTONOMDUSJTRANSACTION is used to define an autonomous transaction. Listing 10.13 shows 
you how to create an autonomous transaction. 
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Listing 10,13; Creating an autonomous procedure 



In Listing 10.1 3, we created an autonomous procedure named chk To perform some 
In the execution section, we executed [he UPDATE statement to update ihe 
based on The employee number received through the formal parameter. Nex[ H we 
select statement io retrieve the updated name. Then, we assigned [he retrieved 
formal parameier of [he procedure and displayed the name of the employee. In [he 
section, we uwd Ihc exception handler to catch an exception if data i* 
employee number received ihrough formal parameter. 

On executing Listing 10.11, you gel The following oulpul: 
Procedure created. 

In Listing 1 Q.I 4, we create another procedure to perform some transactions, in this procedure, 
we use Ihe autonomous transaction. 

Listing 10.14: Creaiing a procedure to use chk {autonomous procedure) 



220 



Chapter 10: Working wilh Database Triggers in PUSQL 



In Listing 10.17, we inserted two records in the test table. We committed the record inserted 
by the first statement Then, we inserted another record. However, this lime we rolled back the 
record inserted in the table. 
The output of Listing 10.1 7 is: 

PL/SQL prncfldura successfully cmpletcd. 

Now, to check whether Ihe record, which was rolled back has been stored in the TEST or in 
TEST1 database table, we executed the SELECT statement for both the tables as follows: 

SGL> SELECT * FROM TEST! 

The output of this statement is: 



Output of this statement is: 



According la the oulpul of the firsl statement, while only the committed record is inserted in the 
TEST database labie and the rolled back record is not inserted in the table, the TE5T1 database 
table keeps both the records. 

Wilh this, we complete our discussion on handling autonomous transactions using triggers. This 
also concludes the chapter. We hope that the chapter has helped you gain enough knowledge to 
use triggers. A brief summary Ihe chapter follows. 

Summary 

In this chapter, we have studied about: 

□ Triggers And their types. 

□ Maintaining triggers. 

□ How to handle autonomous trarsaclions using triggers. 
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Exceptions are certain abnormal conditions thai occur a( runtime and cart cause [he abrupt 
termination of a program. In PU5QL, the errors are treated as exceptions. A program should 
be written in the way thai it can handle exceptions very efficiently and thus can overcome the 
problem of sudden program termination. For example, you have created a PL/SQL program or a 
subprogram to fetch some value from the database table corresponding to a primary key. Now, 
suppose that data is no: available corresponding to that primary key, then Oracle wilt raise 
NO DATA FOUND exception (an in-built PL/SQL exception) or The exception defined by you. 
Now, the question arises that how lo handte an exception. Answer for This question is Exception 
handler. Now, you definitely want to know That what exccpTion handler is. Let's continue 
discussing exception handling in detail To know more about the facts related with exceptions- 
In [his chapter, we discuss about the exceptions. Their types, and The process to raise and handle 
them. 

Understanding PL/SQL Exceptions 

In PL/SQL, an exception is raised every Time an error occurs. The error can occur due to various 
problems, such as bad coding, hardware failure, memory faults. For example, if you are trying to 
divide any number or expression by zero. Then ZERO DIVJDE exception will raise. 
Oracle has provided exception handler to handle errors. Whenever any exception is raised, 
normal execution of program stops and the control transfers to the exception-handler, 
Exception handling helps to manage both expected and unexpected exceptions and thus helps in 
making your PL7SQL program robust. You can use either user-defined exception or predefined 
exception or both to handle the exceptions. 

While writing a PUSQL program, you arc recommended lo do ihe following lo Cake ihe 
advantage of exception handling: 

□ Always add exception handler in a PL/SQL program. 

□ Always try to use the named exceptions, such as NO DAT A FOUND, TOG _MANY ROWS 
rather than using WHEN OTHERS in exceplion handler. Always test PL/SQL program with 
various combination of data lo check the program lor errors. 

Here, we study about Ihe two Types of exceptions in detail — The user-defined exceptions and 
predefined or inbuilt exceptions. 

In-Built Exceptions 

When a PtYSQL program violates certain Orade rules. Then exceptions are raised- For example, 
if you try To store some values in the database table corresponding to a primary key but values 
corresponding to that key already exist in the database table, then Oracle will generate the 
du p_val_on_index exception. 

In Oracle, for every error There is an error number and error message. You can use exception 
names to handle exception but exception numbers are not allowed to use. You can use the 
funcTions SQLCOPE and SQI>FRRM to set the actual error numbers. You can also use 
exception init pragma lo associate exception with Oracle etror number. In Table 11.1, we 
have summarized some of the In-Buill exceptions. 
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Table 1 1 .1 : In-Built Exceptions 
EXCEPTION NAME 



INVALID CURSOR 



DUP Ml ON INDEX 



ORACLE 

ERROR 

NUMBER 



0RA-01QQ1 



DHA-0OTO1 



SQL COOE 
VALUE 



INVALID NUMBER 



ORA-01722 



MOT IOGGED ON 



PROGRAM ERROR 



Exception Overview 



other cursor inside cursor 
FOR.. .LOOP. exception is 
raised. 

This oxcoptton occurs when 
you try to perform any cursor 
related operation, which is 
not allowed by Oracle. For 
exempta, you fjy 10 class a 
cursor which Is not opened. 

This exception is raised 
when you try to store any 
duplicate value in the 
database lable an which you 
had set primary key 
constraint for anampte. in 
the table EMP_DETAIL, you 
have applied primary key 
constraint an FMPtiO; want 
lo enter a record with the 
EMP_NQ=1M but a record 
with this number already 
exiitx in the tafcds tiien 
Oracle will raise Hits 

Ti.is Exception occurs in SQL 
st-^m^its when conversion 
ol a string Inla a number 
f -H 1 1 ■ - ;<i procedural 
statements. Oracle raised 
VALUE_ERROR when 
conversion fails. 

This sKcejrtiorr is raised 
wtwii you try to execute any 
PLJ3QL program without 
being connected to Oracle. 

This exception occurs due to 
some internal probhmis in 
PUSOL and the execution Q f 
program faita 
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This is all alwut the In-Built exceptions. II is recommended to rememlier .ill the In-Built 
exceptions so that you can take care of their cause while writing any PL/SQL program. It will 
reduce the chance oi the occurrence of In-Built exceptions. Do you know that Oracle allows you 
to define your own exceptions to handle the errors in your own way? The exceptions defined by 
you are known as user-defined exceptions. 

User-Defined Exceptions 

The exceptions that you yourself can declare to handle unwanted or abnormal conditions are 
known as user-defined exceptions. These exceptions are application specific. User-defined 
exceptions must have to be declared and raised explicitly. The keyword RAISE is used to raise 
the exceptions explicitly. Let's see how to declare a user-defined except! — 



ns are declared in the declare section of a PL/SQL block. Syntax to 
declare an exception is as follows: 

execnarae EXCEPTION; 

In the above syntax, exec_name can be any valid name that suits to program requirement. This 
name must be followed by the keyword EXCEPTION. Exceptions are declared jusf like variables 
and also follow the same scope rule as variable. 

Scope rules for user-defined PL/SQL exceptions 

The same exception cannot be declared twice in the same block. When an exception is declared 
in the block, it has its scope in that block and in all the blocks, which arc enclosed by that block. 
See the Listing 1 1 . 1 to understand exception scope. 
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The RAISE Statement 

This siatemeni is used to raise ihe user-defined cir lii-Rnili exception. A PL/SQ1 program or 
subprogram should raise an exception when it is impossible lo cornplele Ihe processing because 
of any abnormal condition. To raise an exception, RAISE statement can bo used any where in 
your r"l_/SQL program within ihe scope of lhat exception. 
Lei's sec Listing 1 1 .2 lo know how lo use RAISE slatement. 
Listing 11.2: Ocatrng procedure lo use RAISE slaiement 



In Listing. 11.2, we have created n procedure, to .i:id retard in the database l.ihle n.imed 
EM?_DETAIL m which we have used user-defined exception. 

T» Lr^e, uSfcr defined exception, fir^t we have declared an exception named saL_les in 
between Ihe IS and BEGIN keyword. 

Then, in Ihe execution part, we have used J E-'-.KLSK conlrol slntemenl. We have set control on 
the employee basic salary (p^?ir t lhat is if ihe pbas ; c entered by the user is less than 300 0, 
then the exception sai led is raised, and the contrtil iran&ters to Ihe exception handling part 
of (he procedure. 

In case, the salary enlered i*, more than BODO, ihen the else part of the conlrol statement 
executes. 

In thu else part, we have used INSERT statemenl to add the record in (he database lable. 
On execution of Listing 1 1 .2, you will receive Ihe following oulpul: 

procedure created. 
Let's see Listing 11,3 in which we have called the procedure add reccrd. 
Listing 1 1,3: Calling procedure add rccocd 
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On executing Listing 1T,3, the output can come in the following two ways: 

□ If The employee basic salary entered is more than 8000, then the output is as follows; 

PL/SQL procedure successful!/ completed. 

□ If the salary entered is less than 6000, ihen [he exception will raise and the output is as 
follows: 

Employee basic salary tan not be less then 8000 

This is all about the use of RAISE statement. Besides allowing raising user-defined exceptions, 
Oracle also provides the procedure to generate [he user-defined errors. Let's see how to generate 
user-defined errors. 

The RAISE_APPUCA TIONJPROE Procedure 

This procedure Is used to generate the user-defined and application specific errors. This 
procedure is defined in ihe DBMS standard package. In (his procedure, we have lo pass three 
parameters To generate Ihe user-defined errors. Lt-t's see the synlax know ahou! Ihose 
parameters. 

«1se_»p|>l1catiori_er-ror(err_code, errjisg , {true/false}) : 
In this synlax: 

□ err_code: ll rs ihe error code, which rs a negative integer and musl be in Ihe range of - 
20000 to -20999. 

□ eti msg' It is ihe error message and is of string type. Maximum size for an error message 
can be 2046 bytes. 

□ TRUE/FALSE: Jt is optional. If this parameter is set lo true, then the error is added in the 
stack of previous errors and if it is set to false, then it replaces all previous errors. Listing 1 1.4 
shows Ihe working of RA1SE_ARPLICATI0H_ERR0R Procedure. 

listing 11.4i Creating procedure to use RAISE _AFPLICATI0N_ERROR 



tn Listing 1 1 .4, we have created a procedure named up recocd in which we have passed 
parameter, ebasic (Employee basic salary). 

In Ihe execution section, we have used IF...ELSF control statement lo check ebasic. If the 
ebasic passed by the calling program is less lhan 1 1000, ihen the 
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raise application error procedure will execute and ihe user-defined error wilh error 
code will be displayed. Bui, if [he ebasic is not less than 1 1000, then Ihe else part will execute. 
Lei's see Listing 1 1 ,5 in which wi> hove colled the procedure iip_rsccrd r 
Listing 11.5: Calling procedure up recorc 



In Listing 11,5. we hove executed select statement to fetch The employee basic salary 
(=:mp 3 as ic) from the table ev.p^detai l corresponding ic> thy emp_n;)=ioo, 

EHP BASIC fetched from the £MP_ DETAIL, has been stored in Ihe variable e_basic. 
Then, we have colled the procedure up record ond passed ebasic as a parameler in it. 
On executing Lining 1 1 .5, the output retrieved is as follows: 



When the raise_appLicacion_c: tor is executed, the subprogram ends ond the error code 
ond error message returns to the calling program. The code and message in the calling program 
con be obtained using the functions SQLCODE and SQLERRM. We discuss these functions 
{SQLCODE and SQLERRMh in ihe next section. 

With this, we hove completed discussion on Raising Exceptions in PL/SQL. Now, you know what 
a PiySQL exception is and also how to raise exceptions. Now is the time to learn handling 
PL/SQL exceptions. 

Handling PiySQL Exceptions 

In PU5QL program or subprogram, when on exception is raised, the execution of that program or 
subprogram stops and the control transfers to the exception handling parf r where the exception 
handler then hondles the exception, 5ee Listing 1 1 r (> to know Ihe format To handle exception. 
Lifting 11-6: PL/SQL program structure to handle exception 
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In the exception handling part, you can specily one or more exception handlers depending on 
your requirement. 

An exception handler consists of the WHEN keyword, which is then followed by exception (user- 
defined or In-Built). After that THEN keyword is used, which is then followed by the statement 
that you want to display when an exception is handled. 

Whenever any exception is raised, the control is transferred to the required exception handler 
and the handler gets executed. After executing the handler, the current block terminates and the 
control returns to the executing block. 

If the exception part does not have any exception then the exception handler others is 
executed. It is recommended to use OTHERS exceplion handler in the last of all exception 
handlers, so that handling all possible exceptions is guaranteed. 

You can also execute the same statement for two or more exceptions in the same handler by 
separating them by using or clause, as shown here: 



Let's now discuss the various methods of handling exceptions. PL/SQL provides the following 

methods to handle exceptions: 

a Handling Exceptions Raised in Declarations 

□ Handling Exceptions Raised in Handlers 

□ Using SQLCODE and SQLERRM 

□ Catching Unhand led Exception 

Handling Exceptions Raised in Declarations 

Exceptions can also be raised in the declaration part of the PL/SQL block. Exception in the 
declaration part occurs when you try to assign some abnormal values in the variable declared. 
For example, you have declared a variable X of type NUMBER {2) that is X variable cannot 
accept any numeric value whose length is more than 2. 

If you try to assign any value whose length is more than 2, then the Oracle will raise the 
exceplion. When exceptions are raised in declaration block then they are not handled in the 
current block, and the control transfers to the outer block where those exceptions are handled. 
Let's see Listing 1 1 7 to know how to handle exceptions that occur in declaration part of PL/SQL 
block. 
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In the output you can sec that exception has beer handled by the outer block. Besides thai, we 
also write The tame exception handler inside the inner block. Output is also trying to convey that 
Ihe record we are Irving to add in the database table EMP_Detai 1 already exists in (he table 
With this, we complete discussion on handling exceptions raised within exception handler 
Now, we continue discussion by depicting Ihe functions used lo retrieve Ihe error code and erroi 
message. 

Using SQLCODE and SQLEHRM 

Oracle provides SGLCOD£ and SQLERftM functions to know the code and message associated 
with the error respectively. SQLCODE returns error code as a negative number but for the 
Exception NO_DATA JFO'JND, it returns number +100. 

For user-defined exceptions, it returns +1 . The function S.QLERRM returns the error message that 
can be 512 characters long. This message includes code, message, lahle name, and column 
name. 

If no exception is raised, then SQLCODE returns zero and SQLER3M returns ORA-0000- 
normal, successful, completion. In case of user-defined exceptions, SQl.^KRM returns 'User- 
defined Exception' . 

SQLCODE and SQLERRM functions are used in exception handler. You can also pass an error 
number to SQLERRM; in that case, SQLERRM returns the mcssap.es associated with that error 
number. But, before passing a number into SQLERRM, ensure that the number should be 
negative; otherwise, il will return the message user-defined exception. Listing 1 1 .9. shows how 
to use sqlcode and sqlerrm. 



Listing 11,9: PL/SQL program to use SQLCODE and SCLERKM 



In Listing 1 1 .9, first we have declared three variables named code, num of type NUMBER, and 
msg of type VARCHAR2 respectively. 
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We have limiled Ihe lcnglh of num variable lo S Thai is we cannol assign n any number whose 
length is more than 5. 

In Ihe execution pari, we have assigned sfime value U> rnrr and I he length of thai value has 
exceeded Ihe fcnglh declared for num. 

Then, in Ihe exception handler, we have used vaujk_KHkos and havtr imtiafi/ed (he variable 
codewith SQLCODE and msg with SQlerrm associated wilh val/j=:_i:h ho:-'. 
After that, we have displayed [hose variables. The output of Listing 11 .9 is as follows: 



The function SQLCQDE and SQI.ER^K ,irc used spen.illy in exception handler for OTEiERS, 
because ihey help in finding ihe ot"" code and error messages associated with unspecified 
errors. 

Here H we have compleied discussion on using r?Qicors .md sdi.et^m. Now, we continue 
depicting how to catch unhand led exceptions. 

Catching Unhand fed Exceptions 

In a PL/SQL program or subprogram, if you have not used exception handler and exceptions are 
raised Then Oracle returns unhandled exceptions. If Oracle returns unhandled exceptions, then 
ihe actual outcome depends upon ihe host environment In case, PL'SQL programs or 
subprograms fail due lo unhandled exceptions, then ihe changes made by ihtrni aie nol rolled 
back. If an unhandled exception occurs in PL/SQL block in the precompiler environment, then 
all ihe changes made by (he PL/bQL block are rolled back. 

PL/SQL does nol assign values lo OUT parameter, if subprograms fail due to unhandled 
cxceplions . 

To catch unhandled exceptions, use OTHERS handler 

Here, we discussed kindling PL/SQL exceptions, Now, you shoutd be able lo use exception 
handling in PL/SQL programs and subprograms lo moke them robust. Before closing this chapter, 
lefs have a look on all thai has been discussed in ihischapicr. 

Summary 

In This chapter, we have studied aboui: 

□ Overview of exceptions and their lypes. 

□ Process lo raise exceptions, 

Q Handling exceptions occurring in different parTs of a PL/SQL block, such as declaration, 
except inn handler. 
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In preceding chapters of this h«ok, varrables (objects) of any predefined PI./5QL Type are 
known as embedded objects. An embedded object completely contains within another object 
and represented as a column of a table. For example, nested table is an embedded object 
contained in another table. PL/SQL supports also another type of objects known as row objects 
to Like advantages of Object oriented Programming. The row objects represented using tows not 
columns and are referenced objects. These row objects allow you to represent real world 
in PL/SQL. For example, you need lo define bank account type which has account 
customer name, address, identity variables oi simple PL/SQL types. As each bank 
associated with deposit, withdraw and balance enquiry operations in real life. Creating 
type support in PL/SQL allows user to define own methods within them. 
This chapter focuses only on row objects. The chapter makes you understand what arc 
how to create an object type and it? body, comparing two objects with each other, 
implement inheritance and overriding and how to perform various operations on object tables. 

Introducing Object Types 

Object-oriented programming helps in creating reusable entities. These entities arc 

objects. These Objects maps real life discrete unils such as bank account, student and so 

PiySQL facilitates object-oriented programming with concept of object Types. Users 

specify both structure of data and ways of operating on this dala inside objects. Each 

declared inside object type is called attribute. The ways are procedures and functions 

operate on these attributes. These ways are also called methods. 

Object types help in breaking real wrirld entity or unit into other logical entities. 

Let us move on next section which creates new object types, initializes and manipulate thorn. 

Using Object Types 

In this section, we are creating simple object types and some object types with different types of 
methods. We have created an object type conplexl with procedure print and function 
addl. The procedure print displays real and imaginary parts of complex number and 
addL adds two complex numbers. We also used y.h? and ORDER methods to compare 
complex object types. 

In declaring and Initializing object types section, we build an example which declares 
custcmer typ object type and initializes it with the help of constructor method. We 
manipulate objects in various ways such as accessing attributes of object using dot operator, 
inserting rows in object table, updating and deleting rows from object table. 

Creating Object Types 

You can use the object types both as variable in PUSpL block and type of column in a database 
table. For using the object lype, you need to create ihe object type. The general syntax of 
creating an object type without sub programs is as follows: 



242 



Chapter 12: Object T}/}>cf in PUSQL 



var3 type3; HfifiEi 
) 

In this syntax, name is name of object type. The name object type consists of three variables or 
attributes of typel, Iype2, type3 respectively. The typel, type2. and type3 can be of VARCHAR2, 
number or other already defined object type. In last case, object type becomes nested object 
type. 

See listing 12.1 which creates object type address. 
Listing 12.1: Creating object type address 



When you will execute listing on iSQL'Plus, message Type created will be displayed. 
Type created 

See listing 12.2 which uses address object type as one of attribute of customer type. 
Listing 12.2: Creating nested object type customer 



You will get same message type created when you will execute listing 12.2. This listing will 
execute successfully if address object type already exits in user's database such as scotl. 
Defining data types does not involve any storage allocation. These object types are used in the 
similar way as built-in types in SQL statement. 

Declaring and Initializing Object Types 

An object type can describe the discrete units that exist in real life. These discrete units can be 
an employee, organization, bank account and so on. An object type can be data type of an 
attribute, variable, bind variable, field of record, formal parameter, or return value of function. 
See listing 12.3 which creates customer_typ object type. 
Listing 12.3: Creating customer typ object type 
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In listing 1 2.3, we create customec_t.yp abject type wiih custid, custname attributes and 
custadr attribute of address objecl lype. The custDjner_typ object type has one procedure 
dis_cust_adclress with SELF built-in parameter. You can declare this procedure without 
parameter SELF as this parameter is implicitly passed upon invocation. Trie NOCOPY mode 
makes temporary storage of nested object types efficient. 



See listing 1 2.4 ™hich creates body or customertyp objecl Type. 
Listing 12.4: Creating body of customs ir_typ object type 



In listing 12.4, we define ciis cusc addresa procedure which accesses (he attributes plot, 
street, city, state and pincode of nested objecl lype variable cuatadi:. 
See listing 12.5 which declares and initializes variable of customer typ objecl type. 
Listing T2.5: Declaring and initializing variable of cL5Coir,er_typ objecl type 



In listing 12.5, we declare a customer variable of cii-onier ryp object type and initialize it 
using constructor method. Please refer io Using methods in Object Types section for use of 
conslructor melhod. The procedure dis cust address is invoked using following syntax: 

custom* r . di s_cus t_address O ; 

Note that we invoked (he discustadriress procedure without passing SELF parameter as it 
is implicitly passed. 

After executing listings 1 2.3, 1 2.4 and 1 2.5 one by one and in the same order as given in the 
chapter, you finally get the following output: 
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The output contains Id and name, addfess of customer. 

Using methods in Object Types 

Methods are sub programs which return a value. Inside object type's det'inition you can define or 
implement various types of methods. These methods are given as follows: 

□ Simple Method: Suppose X is PL/SQL variable having type complex! has a method addl. 
It is declared in complexl type as follows: 

MEMBER FUNCTION addl<X COnplexl) RETURN NUMBER; 

You can call its addl function using following statement: 

n :=x.addlO«rafe?*SS>".?5eB 
In above line of code, type of n is same as that of addl function. 

□ Constructor Method: The constructor method is a (unction. It returns new object as its 
value. Every object type has a system defined constructor method. The name of constructor 
method is same as object type. Following expression is a call to constructor method of 
address object type: 

addrcss('71' , 'HGRoad' , -Nagpur' , •440010') ; 

□ Comparison Method: Comparison methods are used to compare objects. They are of two 
types: Map method and Order method. 

□ Map Method: Map method is used to maintain order between instances of object ly|>es. It 
implicitly accepts built-in parameter SELF and returns any of types such as DATE, NUMBER, 
and VARCHAR2. The built-in parameter SELF is an instance of object type. If two objects x 
and y arc having type complexl, then order decides on basis of value of each complex 
number. An example of MAP function inside object type is: 

HAP MEMBER FUNCTION val RETURN NUMBER; 

PL/SQL implicitly uses MAP method when cither Boolean expressions or DISTINCT, GROUP BY 
and ORDER BY clauses occurred in PL/SQL blocks. An object type may contain only one MAP 
method. 

□ Order Method: The ORDER method is a function which returns a numeric value. It takes 
built-in parameter SELF and an object of same type. For example, x and y are two 
complexl objects, any comparison between them such as x>y invokes ORDER method. This 
method returns a -ve, 0 or +ve number which indicate SELF is less than, equal to or greater 
than other object. The object type can have one of two comparison methods. 

Adding two instances of an object type using methods 

You are now aware of various different methods which can be used in object type. This example 
creates two instances of complexl object type and then adds them using methods. 
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See listing 1 2.6 which creates complexl object type. 
Listing 12.6: Creating complexl object type 



In listing 1 2.6, we created conplexl object type which has two e1 and im attributes. The 
real part and im is imaginary part of complex number The complexl object type has 
member methods print, addl, and val. 

Sec listinp 12,7 which represents The body of complex! object typo. 
Listing 12.7: Creating body oi complexl object type 



In listing 1 2,7, we define function addl, procedure print, and MAP function val. The addl 

function adds one complex object passed as an argument with another complex object on which 

addl function is to be invoked. The print procedure displays the real and imaginary 

complex ob|cct on which this procedure is to be invoked. The MAP function vol 

value of complex object using formula sqrt {rl' r 1+im* imj . 

See listing 1 2,8 which creates two ccmplexl objects and adds Them. 

Listing 12,8: Adding two complexl objects 
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In listing 12.8, we declare (hree variables x, y, and z of complexl object type. In execution 
section, two complex objects are created using constructor method and assigned to variables x 
and y respectively. Then, we invoke print procedure on variables x and y to display real and 
Imaginary parts of created complex objects. The addl function accepts y variable, invoked on 
variable it adds complex objects represented by x and y. Finally, we display the real and 
Imaginary parts of complex object represented by z. 
After executing listings 12.6, 12.7, and 12,6. you will get following output: 



The output shows real and imaginary parts of created complex objects and also shows these 
parts after addition. 

two instances of an abject type 

Let's now use HAP and ORDER meihodi to compare two instances of compLexl object type. 
This section contains two examples. First example compares two instances ol complex! object 
type using HAP method. Second example compares two instances of complex^ object types 
using ORDER method. 

See listing 1 2.9 which compares two objects of complexl object type using MAP method. 
Listing 12.9: Comparing two objects using MAP method 



Jn listing 1 2.9, when you use x>y in if condition, il converts this condition into x*val> 
y.val r The MAP function on both variables x and y is invoked and returned values are 
compared with each other. Depending upon result of IF condition, print procedure on one of 
variables is invoked. 
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On executing listing 1 2." on iSQL*Plus, you will gel following output: 



The output shows first real and imaginary parrs of Two complex object ,ind rhen again 
these parts of greater complex object. 

You can also compare two instances of an object type using ORDER method. 

Sec listing 12.10 which shows the usage of order method 10 compare two objects. 

Listing 12.10: Creating coraplex2 object type 



In listing 12.10, we created complex2 object type similar to complexl object type 
uses order method for comparison. 

See listing 1 2.1 1 which creates body of eo:rplex2 object type. 
Listing 12.1 1: Creating body of complex I object type 



Observe the difference between use of ORDER and MAP methods. The MAP method used 
only evaluates the value of complex object but order method compares passed complex 
with complex object on which order method is invoked inside its body. 
See listing T 2.1 2 which compares two objects using order method. 
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Listing 12.12 is totally similar to listing 1 2.9 but when PL/SQL engine encounters expression x>y 
in IF condition, the ORDER method is invoked. 

Alter executing listings 12.10, 12.11, .ind 12.12, you will get the following output: 



The output shows firsl real and imaginary pans of two complex objecis and then again displays 
these parts of greater complex object. 

Manipulating Object Types 

In Ihis section, we manipulate attributes and methods of objects in PL/SQL. We perform 
operations such as accessing attributes and methods of object types, creating objecr lable and 
manipulating its rows. 

Accessing Attributes of an object using dot operator 

You can access and modify values of attributes of ob|ecl using dot operalor. To access the 
attributes of nested objects, you need lo use more lhan one dol operalor according to hierarchy. 
Sec listing 12.13 which accesses attributes of customer object. 
Listing 12.13: Accessing attributes ol customer objecl 
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12.15, value function accepts correlation variable which can be row variable or fable 
with particular row in an object [able. The select into retrieves The return 
of this function into variable of same object type. The customer- variable can be further 
to invoke its methods and attributes. 

listings 12.14 and 12.15 in this sequence, you will get following output: 



shows the address of customer with ID equals to 2. 
deleting rows from an abject table 

you can use update, and delete statements to update ant! delete rows from an 
table. See listing 12.1 6 which updates and deletes rows of customer tab object table. 
12.16: Updating and deleting rows of customer cab object table 



12,16, you need to use table alias for specifying changed values of attribute* in WHERE 
clauses. 

through HEF Modifiers 

use ftEF and DEREF modifiers to pet pointer to particular object in an object table and 
pointer into an object type variable. See listing 12.1 7 which accesses objects 
modi Hers r 

7: Accessing objects using REF modifiers 
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In listing 12,17, wc use REF modifier lo gel printer to object type record of 
equals fol . We com men lines where attribute name is being accessed from 
R£F variable in ihis listing. This is because you cannot access value of attribute from 
Therefore, we dereference cuscomer ref variable into customer variable 
into statement. As partial select into statement does not execute, we H Thus, 
Table DUAL inside it. 

On executing listing 12.1 Z on iSQL'Plus, you will get following output: 



The output shows name of customer wilh id equals to L 

Let u& create sub types which use Ihe inheritance feature of object oriented programming. 

Inheritance in PI/SOL 

Vou can create an object from existing base objects. By default, base objects are declared as 

FINAL. To allow inheritance, the base objects should be declared as NOT FINAL. 

We are creating an example which implements mherilance in PL/5QL. In this example, 

complex is a base objeel while coinplex3 is an inherited object. In complex3 object, 

additional method subl is added. Therefore, complex^ inherit attributes rl, lm and three 

methods of base object complesl. 

See listing 12.13 which creates complex 1 object type. 

Listing 12.13: Creating inheritable compiexl object type 



Listing 12.18 is similar to listing 12.6 as described earlier, except here we append NOT 
keyword to listing 12. IB. This keyword causes this object type to be inherited from other 
Types. 

See listing T 2.1 9 which defines the body of coiriplesl object Type- 
Listing 12.19: Defining body of complex! object type 
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Listing 12.19 is exactly same as listing 12.7. We are again showing ils code here as il is now 
used to implement inheritance. 

See listing 12.20 which creates inherited object type complex!?. 
Listing 1 2.20: Creating sub type complex3 



In listing 12,20, we created object typo complexJ which inherits attributes and methods of 
complexl using UNDER keyword. The complex3 object lype has ils own subl member 
function. 

See listing 1 2.21 which creates body of complex^ object type. 
Listing 12.21; Creating body of complex 3 ohjeel type 



In listing 12.21, sub type co[nplex3 needs to deJinc unique methods inside itself. The subl 
function returns complex^ object type alter subtracting two complex objects. 

See listing 12.22 which shows the use of complex 3 sub type: 

Listing 12.22: Using cojnplex3 sub Type 
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In listing 12.22, we accessed inherited print procedure on corcplex3 in addition lo 
own 3UbL function- 
After executing listings 1 2.1 ft, 1 2.19, 1 2.20, 1 2.21, and 1 2.22 in same sequence, you wil 
the following output: 



The output shows real and imaginary parts of created complex objects and also 
parts after subtraction. 

Let us implement overriding after implementing inheritance between object types. This 
also explains dynamic method dispatch. 

Method Overriding 

You can override a method having the same signature as method of super or base type, 
signature means that both methods have same name, same number and types of arguments, 
same return type. Vou can overrides method in sui) type using overriding keyword. 
See listing 12.23 which creates object type complex-], 
listing 12.23: Creating object type c;implex4 



In listing 12.23, complex 4 object type is exactly similar to complex2 object type. 
See listing 12.24 which defines body of complex4 object type. 
Listing 12.24: Defining body of complex 4 object type 
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The functionality of listing 12,24 is similar k> listing T 2.1 1 except the name of object type is 
4 in listing 12.24. 
12,25 which creates complex^ object type. 
12.23: Creating complex^ object type 



12,25 is similar to listing 1 2.20 except if uses Overriding keyword before procedure 
You cannot declare procedure with wire name as that of base type inside sub typo 
using OVERRIDING keyword, 

1 2.26 which defines body of complex^ sub type. 
Listing 1 2.26: Defining body of oomplex5 subtype 



lisling 12.26, we override the procedure print and it only uses different sentence in output. 
See listing 1 2-27 which uses dynamic method dispatch technique. 
Using dynamic method dispatch technique 
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--z:=«\ 
end; 

/ 

In listing M.2 7 . we fi rs-l invoke pro< edure t r i r.r oil v .1 r i .1 1) !es x and y ul ::.:-\rA-'x£. object 
lypes .nuJ then overridden procedure m invoked on variable l of -c-Tipl^x I objcci type, 
finally- we assign variable t. 01 sub t\pc c -j 1 r. p , ^ :■; to v^rijblu x ol super type .:o:rp ;o x4 r This 
t\po casting is also called dynamic method dispatch. Usm^ this lypc costing, vou con assign *.ub 
types |o super types rh nc E 1 -ill methods ul 1 sub objet Is on 1>.1^< 3 ul)|et f. 

Alter e^erulinj; lislmj^s 1 ±.±.\. 1 ^.J4, 1 2.J5, 1 Lib, and 1 2. J 7, von will get the following output; 

real part 3 imag part 4 
real part 5 imag part 6 

The real part is E the "imaginary part is 9 
The real part is 3 the imaginary part is 9 
PL/SQL procedure successfully completed. 

Ihe output shows real and imaginary parts ot base and sub objects using b.ise procedure print 
and overridden procedure print. 

It vou ncilhcr want to put an^, t ode inside m el hods Jinr deline metliuds in super type r liien 
declare super tvpe as not instanluble. Consider an example which involves three ob|cct types 
sh/i[H' r circle, and rectangle. The shape is super ispe and has one area function which calculates 
I he fired 01 p c niiuil<if -h H ipe. Tin 1 c 111 le .mil ret tangle .ire sub lypes ot ^li.if h- super Ivpe, The 
bodies ol t ire le and ni langle <4ih t\ pes hdve one area, function which ralnjl.nes the area of 
circle and reclanplc. Therciore, it dues not make anv sense to deiine area function inside shape 
super type -is this ob[et 1 tvfie has no dimensions. You can do it usinft i:OT INSTANT I AE1E ke.v 
word. When the super type is not inshuni.ible. you < annol < resile tdtjet t oi" ihnit sufiE'r type. You 
J 1 rive lo rre.ite sub kpe lo use 1 the tliiH tioli.dily. 

Lei us learn how to detine SQI oh|ed fvpes equivalent to |'L.',SQL i til let tion types, manipulate 
l hem and finally ■-tore them in ihe- form of objei.r tables 

PL/SQL Collections and Object Types 

You can detine SQL object Ivpes equivalent to I'L'MJL collections and then use these collections 
willi SQL ob|ect tvpes. 

Defining SQL Types equivalent to PL/SQL Collection Types 

With Ihe help of f^h A'l V -t-V stalemeril \ou i .in store nested utiles ,11 id v.nr.ivs in database 
tables. The treated types may Ih l lurther used .1*. attributes oi SQI ohjer t lypes. You may declare 
equivalent types in PL/SQL usin^ SQL type inside variable declaration. 
See ihe lollowing sl.ilements lo t re.ite ,1 nested lable 

CPEATE TYPE 1 i StOfCCmrSCS AS TABLE OF VARCHAR2 (10) ; 

In (he preceding s> nl.it, we t re.ited a collection lype 1 nested table 1 li^'.c : cuutoo^ which acts 
its table ol course names. 
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See listing 1 2.28 which uses VARRAY constructor within ,i SQL statement. 
Listing 12.28: Using VARRAY constructor within a SQL statement. 



constructor to store one record 



In listing 12.28, we use listofprojects 
company_branch_projects table. 

Set! listing 12.29 which uses nested table constructor inside SQL statement. 



In listing 12.2'), we insert one record into student_tbl table using listof courses 
table constructor. 

Using PI/SQL Collections with S nl g 

With the help of collections, you can work with complex data types in PL/SQL. After 

and modifying particular elements in instances oi these types, you can use SQL statements 

store them in database table. 

Now, see the following syntax and code snippets to inserts some records into 
table. 

In the preceding syntax, we created a collection type dnames_tbl which acts as 
Output of the preceding syntax is as follows: 



Let's create table named departments which uses dnarnes_tbi collection type. 




In the preceding code snippet we have treated nested table as an attribute of departments 
object type. 

Output of the preceding syntax is as follows: 



Table Created 

Let's see the Listing 1 2.30 to insert some records into departments table. 
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Urhebwiechllich neschiit/les Material 



Listing 12.30: Inserting records into departments table 



ampler I2: 0l'jfct Types in PUSQL 



In the preceding we have inserted three records into departments table using dna^es tbl 
constructor Each record represents types of departments in a particular location. 
Output of the Listing 12.30 is as fa Hows: 

PL/SQL procedure successfully completed. 
Now execute !he following query to check whether the records have been inserted into 
departments table or not: 

SELECT * FBOM de partBents ; 

The SELECT query generates fallowing output: 



The output shows rows currently inserted in department 3 table. Note thai each value in 
nested table column is a nested table constructor. 

See listing 12. IT which uses insert. 'JPD7.TE, delete, and SELECT statements with 
dnames tbl nested table. 

Listing 12.31: Using insert, update, delete, and select statements with dnames tfo] 
nested table 
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insert into table Cselect deptnames frow departments vihere loc='Banglore") 
VALUES.C Sales') ; 

delete from tab le (se lect deptnames FROM departments where loc- 'Hyderabad') 
WHERE col uron_val[]e= h Payroll ' ; 

update table Cselect deptnames from departments where loc-^eti Delhi') 
SET caluran_.v.alue-' Finance' where column_valuea' Production' ; 
commit; 
END; 

/ 

In IkllnR 12.31, we declare variable -'d:.^r.-i^. diTv.i and ^lizv^dT.c.rr.os.The vd.i^nes 
variable <an slore ,1 «-t ol department names. The variable declares a re<ord that tan 

More row of -le; -.: t n-:. n - Mb It'. The ' r,-_j n i L -n-', variable used 1o .isMgn ihp new sel nl 
department n.iniL-E. to be stored in j : cri'.T,". l. (able corresponding let o location Uanglure. 
First :-r : K "T I U query retrieve dep.! Mint ril names into vdru-in<?s variable. The t-'OH LOC-P 
used lo displ.lv e.ii h of department name using suila*. v l:^Te=; i ■ ) . Second SF.t FCT Tl.TO 
query reliieves onlire row in (fei.^: i r^ir s (able corresponding In location -New Delhi. Second 
FOR 100 L" used lo display department names in Stew Delhi using synJa>. 
dcF= . -" r di_pt :^i:r j ( . i . 

We ihcd L i'\.r.~. statement to £ li.irijie set oi department names ior I lydeMh.id using i olleflion 
■:v:mj 'j:iciH-: L We akn t H ui rsaend lfn' toJIethon ,'i"£. t n ■ "[■■'- corresponding to linatiorf 
Banglore using 'CY, f£M." procedure and add one marc name in it using COUNT I million. riien. 
[his collection is used Id update the department names in a^p.-irTTicn-s table. 
You i ,m also use r-'.'. j:-T."7r r -irtil d^t.ftf si.iifiin'iUs with nested table represented by 
set of ■! ■■.-.n-.-s. I or ihis, you need lo use TA=T,F uperalor lo have elltcl of INSERT, "J P DATS, 
and 11 1L :'l si ate merits on nested table produced by sub query. The ■_..> " ■.;:iir_vj i l.o relers lo 
particular name in dopirantjc i.ollei imn. You cinnot -ifiply DML MJL sMtcmcnts to ncslod 
(able clireclK . 

On occutmn listing 1 2 J 1 on iSQL'Plus, you will get lol lowing oulput: 

Department names: Technical Writing 

Department names software Development 

New oelhideptnarties=Hiiflian Resources 

New Dolhidcptnames-Sales 

New Del hi dep tn ame s»Fi nance 

pl /SQL procedure successfully completed. 

The output shows tvpes of departments m bandore and New Delhi after tmng manv 
manipula]iui> uperations. 

Now we are manipul.Llirip SQL '/T-.Rr^-.'i objects wilh I'L'SQL statements. The departments table 
now contains a YA'.l-.Y; column. Sec Jisling 1 l.M to insert some records into departments table. 



■ how we have dropped Uie table named departments be<^se we are treating thris r^e o™ , 

Let's see the following svntax and code snippets lo insert records into departments table having 
■/AkRjYY column: 

create tvpe dnarnes_v array IS varray(7) of VARCHAfi2<J0> ; 
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Oracle PL/SQL Programming 

Oracle PL/SQL ProRiamminK in Simple Slept book effectively 
etphilH the concepts ot PL'SQL programming II give* short-vet- 
complete description ot ihe PL'SQl proRramminfi concepts and 
explain* ll>cni »tcp bv step. This hoot; ptuv ides core iniurmation that 
every PLSQl developer «hould know to write PL/SQL profirarm. 
interact with Oracle database*, pertorm complex calculation*, and 
handle exception*. Loaded with lots ot example* and illustration* to 
explain concepts, this book would help vou learn PL'SQL 
programmingwilh minimal effort. 

Tin? book covers: 

• Feature!, ot PL'SQL language 

■ PLSQL archiiecture 

■ PLSQl lamjuage elements, such as block structure, 
daiahpes. declarations, and operators 

■ PL'SQL expressions and datatype conversion* 

• Built-in PL/SQl functions 

■ PL'SQl control structure* 

■ SQL operations in PLSQl 

■ Transaction marvaKenteni in PL/SQL 

■ PL'SQL collection*, reco<d* and objects 

■ Cursors in PL/SQL 

■ Procedures and function* in PL'SQL 

■ Package* in PUSQL 

■ Triggers in PL'SQL 

• Exception* and exception handler* in PL/SQL 

• Writing obiect-oriented PLSQL application* 



